
TRANSACT!- 


T^ r Accn.'No. 

Date 


price. 


OF THE 


JAIPUR- 


ROYAL SOCIETY OF TROPICAL 
MEDICINE AND HYGIENE. 


Patron 


III.-; Majicsty The King. 




/# 







A/ 


2<giSlflE ir®aiflis)iiE Tiy)?AiHI!IB3 


VOL. XXXI. 1937-1938. 


XonDon : 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE. 

Manson House, EG, Portland Place, London, W.l. 

Telephone : Langham 2127. Telegrams : Anopheles, London. 



TRANSACTI 

OF THE 

ROYAL SOCIETY OF TROPICAL 
MEDICINE AND HYGIENE. 

Patron - His Majkty The King. 



VOL. XXXI. 1937-1938. 


nLouDon : 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE. 

Manson House, 20, Portland Place, London, W.l. 

Telephone : Langham 2127. Telegrams : Anopheles, London. 




CONTENTS. 

Voi.. XXXI. 1037-38. 


No. 1. Issued 2.5th June, 1937. 

v.\r,i: 

L.*\nOR.‘VI'()IlV MKKTING, ISth March, 1037. 

DnMONSTnATioNS : Hygiene Dcp.irtmcnl ol the Royal Army Medical 
College ; A. C. Amy and J. S. K. Boyd ; A. R. D. Adams ; 

W. E. Cooke ; N. Hamilton Fairley ; G. M. Findlay and R. D. 
Mackenzie ; S. P. James .and P. Tate ; H. S. Lceson ; C. 
MacHattle ; R. D. Mackenzie ; P. Manson-Bahr ; C. M. 
Wenyon I 

ORDINARY MI-liTINC; OF THK SOCIF/IT. 20th May, 1037. 

Paper : Bejel : the endemic syphilis of the Euphrates Arali. Ellis H. 

Hudson " 0 

DISCUSSION : D. B. Blacklock ; L. W. Harrison ; H. S, Stannus ; 

H. M. Hanschell ; P. Manson-Bahr ; C. C. Chesterman ; 
William Corner ; Arthur Bagshawe {President ) ; E. H. Hudson 

(in reply) ; letter from L. W. Harrison ... ... 34 

COMMUNICATIONS ; 

Augustine, Donald L. Description of a new filnriid from cround 

doves of St. Croix, Virgin Isl.ands ... ... ... ... ... 47 

Augustine, Donald L. Observations on living “ sheathed ” micro- 
filariae in the capillary circulation ... ... ... ... ... .55 

Lane, Clayton. Bnneroftian filariasis and the rcficulo-endothelial 

system... ... ... ... ... ... ... ... ... 61 

Broom, J. C., and Brown, H. C. Studies in trypanosomiasis. 

I. Tlic electric charge of trypanosomes in tsetse flies ... ... 81 

Epstein, G. W., and Awaklan, A. Studies on the intestinal protozoa 

of nits. I. Rats as carriers of dysenteric cntamocbac ... ... 87 

Awaklan, A. .Studies on the intestinal protozoa of rats. II. Rats 

as carriers nf Balantidium ... ... ... ... ... ... 03 

Foy, Henry, and Kondl, Athena. Three cases of blackwater fever 

following the oral administering of atebrin ... ... ... 99 

Findlay, G. M., and MacCallum, F. 0. Yellow fever immune bodies 

in the blood of African primates 103 

Muir, Ernest. Leprosy in the Southern Sudan ... ... ... 107 

Williamson, K. B., and Zaln, Mahomed. A presumptive culicine 

host of the human malaria parasites ... ... ... ... Ill 

Gebert, S. Notes on the viability of Anopheles costalis ova subjected 

to natural desiccation ... ... ... ... ... ... 116 

Tate, P. A method of labelling and protecting blood films 118 



IV. CONTENTS. 

No. 2. Issued 31st July, 3037. 

TAGE 

ANNUAL GENERAL MEETING and ORDINARY MEETING, 17th June, 

1937. 

Business 119 

Papers : 

Blackwater fever in Macedonia. Henry Foy and Athena Kond! 123 

Pseudo-methaemoglobin in blackwater fever and its clinical 

significance. N. Hamilton Fairley and B. J. Bromfleld ... 139 

DISCUSSION : The President (S. P. James) ; Rickard Christophers ; 
Warrington Yorke ; Gilles de Kock ; C. C. Chesterman ; J. S. K. 

Boyd; H. Foy (in reply) ; Hamilton Fairley (in reply) 171 

COMMUNICATIONS : 

Henderson, L. H. Clinical observations on kala-azar in the Fung 

Province of the Sudan 179 

Hovnanian, Philipp, Jehejian, Robert, and Yenikomshlan, H. A. 

Dermal leishmaniasis in a newly inhabited section of Aleppo ... 191 

MacCallum, F. 0., and Findlay, G. M. Y'ellow fever immune bodies 

and animal sera ... ... ... ... ... ... ... 199 

Blackie, W. Kl Onyalai ; a review 207 

Lorando, N., and Soteriades, D. Treatment of malaria with immune 

blood 227 

Cluoa, M., Ballif, L., Chelarescu, M., Isanos, M., and Glaser, L. 

Action of quinine and atebrin on the sporozoites of Plasmodium 

falciparum ... 23fi 

Cluca, M., Ballif, L., Chelarescu, M., Isanos, M., and Glaser, L. 

On drug prophylaxis in therapeutic malaria 241 

Chambers, H. D. Further light on the “ yaws-syphilis ’’ problem ... 245 

Corson, J. F. The virulence of Trypanosoma rhodesiense in relation 

to cyclical passage through G/oij>«a Mioriitoir ... ... ... 251 

Riding, D. Murine typhus in Egypt 255 

CORRESPONDENCE : 

Bejel. C. S. G. Mylrea 259 

Trypanosomes in bat and marmot. Emmanuel Dias... ... ... 260 

The Freshwater Biologicai. Association of the British Empire ... 261 

ANNOUNCEMENTS : 

Legacy to the Royal Society of Tropical Medicine and Hygiene ... 262 

Officers of the Society ... ... ... ... ... ... ... 262 

Corrigendum ... ... ... ... ... ... ... ... 262 



CONTENTS. 


No. 3. Issued 30th Novrudirr, 1037. 

(M’ENING MEETING OF SESSION. 21st October, IurtT. 

Pnr>:iiir.NTiAi. .'Xnnur.'^f; : Advnnccs in kn(nvlctit:i' of nt.-il.-irin .since 
the war. S. P. James ... ... ... ... ... ... 

voTi: or TiiAXK.s : Rickard Chrlslophcrs ; C. M. Wenyon 270 

COM.MUNICATIONS ; 

Jack, W. A. M. Scll.ar fever ... ... ... ... ... ... 2S1 

Findlay, G. M., .and MacCallum, F. 0. Note on acute bep.'ititis ami 

yellow fever immunization ... ... ... ... ... ... 207 

Kennedy, Walter P. Tlic leucocyte picture in Ir.K) ... ... ... 3(i0 

Acres, Ian S. The treatment of .sleeping siekne.ss with neocryl ... JO.'! 

Kenawy, M. R. Endemic cnlarKcment of tlie parotid pland in Epypt O.'iO 

Salah, M. .Sprue in Epypt. Report of a c.asc... ... ... ... .'?r>l 

Gosden, Minnie. A suspected case of non-epidemic typhus in a 

child in Trinidad ... ... ... ... ... ... ... 350 


Dowdcswell, R. M. 'ryplioid acRittlinins in the native population ... 303 

CORRESPONDENCE : 

Bancroftian filariasis and the reticulo-cndothchal .sy.stcm. 

Philip Manson-Bahr 30S 

Bejel. H. Richards 3C0 

Election OF Honorary Fellow ; Professor Bernhard Nociit ... ... 370 



CONTENTS. 


No. 4, Issued 25th January, 1938. 

CLINICAL AND LABORATORY MEETING, 18th November, 1937. 

DEMONsrnATioNs : A. H, Mclndoe .ind P. Manson-Bahr ; P. Manson- 
Bahr ; G. W. M. Findlay ; W. H. McMullen and J. A. Cruiok- 
shank ; G. R. Mather Cordiner ; A. F. Cole ; N. Hamilton 
Fairley ; N. Hamilton Fairley and Naunton Morgan ; N. 
Hamilton Fairley and R. J. Bromileld 

ORDINARY MEETING, 9th December, 1937. 

Papers: The epidemiology and control of leprosy. Ernest Muir ... 

Tuberculoid leprosy. William Hughes ... ... 

DISCUSSION : J. M. H. MacLeod ; A. C. Howard ; John Megaw ; 
A. Felix ; C. C. Chesterman ; C- J. Austin ; G. Gushue-Taylor ; 
C. H, Barber ; W. Hughes (in reply) ; Ernest Muir (in reply) ... 

COMMUNICATIONS : 

O’Connor, F. W., and Beatty, H. A. Filariasis of ground doves in 
St. Croi.x, Virgin Islands ... 

O’Connor, F. W., and Beatty, H. A. Wtichcreria banernfti in 
mosquitoes of St. Croix 

Salafa, M. Mechanism of oedema in helminthic anaemias ... 

Yoeii, M., and Mer, G. G. The relation of blood feeds to the 
maturation of ova in Anopheles elntus 

Grasset, E,, and Zoutendyk, A. Studies on the Gaboon viper {Bitis 
ftahonied) and the preparation of a specific therapeutic anti- 
venene 

Chambers, H. D. Warmth and humidity as predisposing factors in 
the incidence of yaws 

Uttley, K. H. The Chinese urban death rate in Hongkong 

CORRESPONDENCE : 

Bejel. Ellis H. Hudson 

Schizonts in endothelial cells in monkey malaria. J. Schwet? 

Bancroftian filariasis and the reticulo-endothelial system. Clayton 
Lane 


PAGE 

.371 

.377 

.38.3 

.399 

407 

41.3 
431 

4.37 

44.3 

4,51 

4.57 

469 

470 


471 



CONTENTS. 


vii. 

No. 6. htued 17th March, 193S, 

I'AGi: 

ORDlN.‘\RY MEETING, 20th jutiunry, 1938. 

1’ai'i;iis : The treatment of nciitc fuiminatint; cardiac beriheri 

(shOshin). R. Brunei Hawes ... ... ... ... ... -H-i 

The physioloRy and biochemistry of vitamin Uj. R. A. Peters ... 483 

Biochemical changes, especially of pyruvic acid, in relation to 

some clinical features of beriberi. B.S. Platt... ... ... 493 

niscussioN : Harrlcttc Chick ; R. Brunei Hawes ; P. Manson-Bahr ; 
Warrington Yorkc ; J. Barcrolt Anderson ; H, S, Slannus ; 

R. A. Peters ; B. S. Platt ; T. F, Macrae ; Leonard 
Rogers ; William Hughes ; John Lcdlngham ; H. M. Sinclair ; 

A. P. Mclkicjohn 000 

COMMUNICATIONS : 

C. W. Hope-Gill. A study of the reaction rate of tile serum-formalin 

reaction in 7Vji7)<7nosoii(o/;oMiI)icme sleeping sickness ... ... a07 

C. A, Hoare and J. C. Broom. Morphological and taxonomic studies 
on mammalian tr)-panosomes. IV. Biometrical study of the 

relationship between Trypanosoma umformc i\nd 'J'.vit ax ... ■'•I" 

W. C. Davidson. A note on the types of pneumococci prevalent in 
Lagos... . ... ... ... ... ... ... ... ... 

E. M. Voigt atid C, Voigt. Haemoglobinaemia in malaria ... ... 530 

G. Wltonberg and J. Yofe. Investigation on the purification of water 

with respect to schistosome ccrcariae ... ... ... ... 549 

CORRESPONDENCE : 

" SeUar fever.” F. J. O’Meara 571 

Onyalai ; A. J. Keevlll 572 

The late Sin Thomas Stanton ... 575 



CONTENTS. 


No. 6, Issued 20th April, 193S. 

ORDINARY MEETING, 17th February, 1938. 

Papehs : Climatic bubo or lymphogranuloma inguinale. 

H. M. Hanschell 

Climatic bubo or lymphogranuloma inguinale in African natives. 

Clement C. Chesterman 

Climatic bubo or lymphogranuloma inguinale — Experimental 
investigation. G. M. Findlay 

DISCUSSION : H. S. Stannus ; P. Manson-Bahr ; G. M. Findlay (in 
reply) 

COMMUNICATIONS ; 

Earle, K. Vigors Antimony resistance in ulcerative granuloma 
Waterman, James A. Some notes on scorpion poisoning in Trinidad 

Chung, Huel-Lan The cerebrospinal fluid of patients suffering from 
the Chinese strain of relapsing fever 

Uttley, K. H. The death rate and epidemiology of smallpox in 

Hongkong 

James, Clifford S. Tropical phagaedenic ulcer in the Pacific... 

Kirk, R. Attempts to demonstrate leptospirosis in the Northern 
Sudan... ... 

Sharp, N. A. Dyce A note of some cases of disseminated sclerosis ... 
Dowdeswell, R. M. Schistosomiasis in the Kavirondo district of 
Kenya Colony 

Purcell, F. M. A case of amoebic hepatic abscess and associated 
pericarditis ... ... ... 

OBITUARY : 

F£ux Mesnil 

ANNOUNCEMENTS : 

Trustees of the Society 
Manson Medal — 1938 award 


PACK 

578 

585 

587 

598 

GOl 

007 

025 

635 

647 

007 

071 

073 

689 

691 

694 

094 



INDEX TO AUTHORS 


Acres, 1. S., 333. 

.Adams, A. R. D.. 2. 

-Amy, .A. C. and J. S. K. Royd, 1. 
-Anderson, J. Barcroft, 602. 

-AuRustine, D. L., 47, 55. 

-Austin, C- J., 402. 

-Aw.akian, -A., 93. 

with G. W. Rpstcin, S7. 

Bacshawc, -A. G., 42, 121. 

Ballif, L. with M. Ciuca, AI. Chclarcscu, 
M. Isano.s and L. Glaser, 235, 241. 
Barber, C. H., 404. 

Beattv, H. -A. with F. \V. O'Connor, 407, 
413. 

Biggam, A. G., 119. 

Blackie, W. K.. 207, 

Blucklock, D. B., 34. 

Boyd, J. S. K., 175. 

with A. C. -Amy, 1. 

Bromficld, R. J. witli N. Hamilton, 
Fairley, 139, 374. 

Broom, J. C. and H. C. Brown, 81. 

with C. A. Hoarc, 517. 

Brown, H. C. with J. C. I3room, SI. 
Burgess, A. S., 262. 

Chalmers, Mrs. Albert, 122. 

Chambers, H. D., 245, 451. 

Chelarescu, M. with M. Ciuca, L. Ballif, 
M. Isanos and L. Glaser, 235, 241. 
Chestcrman, C. C., 41, 119, 175, 402, 585. 
Chick, Harriettc, 500, 501. 

Christophers, S. R., 171, 279. 

Chung, Huei-Lan, 625. 

Ciuca, M., L. Ballif, M. Chelarescu, M. 

Isanos and L. Glaser, 235, 241. 

Cole, A. F., 373. 

Cooke, W. E., 2. 

Cordiner, G. R. Mather, 373. 

Corner, William, 42. 

Corson, J. F., 251, 

Cruickshank, J. A. and W. H. McMullen, 
372. 

Davidson, W. C., 535, 

De Kock, Gilles, 174. 

Dias, Emmanuel, 260. 

Dowdeswell, R. M., 363, 673. 


lAirle, K. A’igors, 601. 

lipstein, G. W. and -A. Awakian, 87. 

I'airlcy, N. Hamilton, 3, 177, 373. 

and R. J. Bromfield, 139, 374 

■ and Naunton Morgan, 374. 

Fdi.\, A., 401. 

Findlay. G. M.. 372, 587, 600. 

and F. O. M.acCallum, 103, 29 

and R. D. Mackenzie, 4. 

with F. O. MacCalium, 199. 

Foy, Hcnrj-, 176. 

and -Athena Kondi, 99, 123. 

Gehert, .S., 115, 

Gill. C. A.. 122. 

Gill, C. W. Hope-, see Hope-Gill. 
Glaser, L. with M. Ciuca, L. Ballif. A 
Chelarescu and M. Isanos, 235, 241 
Gosden, Minnie, 359, 

Grasset, E. and A. Zoutendyk, 445. 
Gushue-Tayior, 403. 

Hanschell, H. M., 40, 578. 

Harrison, L. W., 30, 45. 

Hawes, R. Brunei, 474, 501, 504, 508. 
Henderson, L. H,, 179. 

Hoare, C. -A. and J. C. Broom, 517. 
Hope-Gill, C. W., 507. 

Hovnanian, Philipp, R. Jebejian and H. A. 

Ycnikomshian, 191. 

Howard, A. C., 400. 

Hudson, Ellis H., 9, 43, 469. 

Hughes, William, 383, 404, 503, 504. 

Isanos, M. with M. Ciuca, L. Ballif, 
M. Chelarescu, and L. Glaser, 235, 
241. 

Jack, W. A. M., 281. 

James, Clifford, S., 647. 

James, S. P., 121, 122, 171, 263. 

and P. Tate, 4. 

Jebejian, R. with Philipp Hovnanian and 
H. A. Ycnikomshian, 191. 

Keevill, A. J,, 572. 

Kenar\x M, R., 339. 


Vol XXXI, 1987-38. 



INDEX TO AUTHORS. 


Kennedy, W. P., 309. 

Kirk, R., 667. 

Kondi, Athena with Henry Foy, 99, 123, 

Lane, Clayton, 61, 412, 471. 

Ledingham, John, 504. 

Leeson, H. S., 6. 

Lindsay, J. W., 119. 

Lorando, N. and D. Soteriades, 227. 

MacCailum, F. O. and G. M. Findlay. 199. 

ivith G. M. Findlay, 103, 297. 

MacHattie, C., 6. 

Mclndoe, A. H. and P. Manson-Bahr, 371. 
Mackenzie, R. D., 7. 

with G. M. Findlav, 4. 

MacLeod, J. M. H., 399. ' 

McMullen, W. H. and J. A, Cruickshank, 
372. 

Macrae, T. F., 503. 

Manson-Bahr, P., 7, 41, 368, 372, 501, 699. 

with A. H, Mclndoe, 371. 

Marriott, O., 119. 

Megaw, John, 400. 

Meiklejohn, A. P., 505, 

Mer, G. G. with M. Yoeli, 437. 

Morgan, Naunton with N. Hanrilton 
Fairley, 374. 

Muir, Ernest, 107, 377, 405, 

Mylrea, C. S. G., 259. 

O’Connor, F. W., and H. A. Beatty, 407, 
413. 

O’Meara. F. J., 571. 

Peters, R. A., 483, 502, 504. 

Platt, B. S., 493, 503, 505. 

Purcell, F. M., 689. 


Richards, H., 369. 

Riding, D., 255. 

Rogers, Leonard, 503, 

Royal Arrny Medical College, Hyg 
Department, 1. 

Salah, M., 351, 431. 

Schwctz, J., 470. 

Sharp, N. A. Dyce, 671. 

Sinclair, H. M., 504. 

Sinton, J. A., 119. 

Soteriades, D. with N. Lorando, 227. 
Stannus, H. S., 37, 502, 598. 

Tate, P., 118. 

with S. P. James, 4. 

Taylor, Gushue-, see Gushue-Taylor. 

Uttley, K. H., 457, 635. 

Velthuyzen, W. F., 45. 

Voigt, E. M. and C. Voigt, 539. 

Waterman, J. A., 607. 

Wenyon, C. M., 7, 280. 

Williamson, K. B. and Mahomed Zain, 1 
Wilson, Helen, 45, 

Witenberg, G. and J. Yofe, 549. 
Yenikomshian, H. A. with Philipp H 
nanian and R. Jebejian, 191. 

Yoeli, M. and G. G, Mer, 437. 

Yofe, J. with G. Witenberg, 549. 

Yorke, Warrington, 122, 172, 501, 

Zain, Mohamed with K. B. Williamsr 

111 . 

Zoutendyk, A. with E. Giasset, 445. 


INDEX TO SUBJECTS 


Abortus fever, two eases [title only], 372. 

Acdcs nc^yfti and monkeys, 105. 

Amoebic hepatic abscess and pericarditis, 
689. 

infection of skin, 372. 
ulcer of rectum, 372. 

.•\nacmin, tropical macrocytic in Mace- 
donia, 3, 170. 

oedema in helminthic. 431. 

.■\nahaemin in treatment of sprue [title 
only], 373. 

•Announcements 

.Appointment of Trustees, 694. 
AInnson Medal 1938 .Award, 694. 

.Annual General Mcetinp, 119. 

Anopheles eostolis ova — desiccation experi- 
ments, 115. 

clutus, relation of hlood feeds to 
maturation of ova, 437. 

.Antimony resistance in knla-azar, 189. 

ulcerative granuloma, 601. 

.Antivenene specific for /?. ’’ohonica, 445. 

Appendices infested with bilhantia ova, 2. 

•Army in India and malaria, 277. 

Atebrin and quinine in malaria prophy- 
laxis, 241. 

sporozoites oiP.fnIcipantm, 235. 
treatment, blackwater fever fol- 
lowine, 99. 

.Audit Committee, 120. 

Halantidium, rats as carriers of, 93. 

Hat, trx'panosomcs in (correspondence), 
260. 

Hcjcl (endemic syphilis) amoni; Bedouin 
.Arabs, 9. 

(correspondence), 259, 369, 469. 

Beriberi, acute fulminatinp, treatment of, 
474, 500. 

biochemical chanRcs in, 493. 
vitamin B, deficiency, 483, 500. 

Bcrtiella studeri from man, 2. 

Betaxin, etc., in treatment of beriberi, 474. 

Bilharziasis, see also schistosomiasis, 
blood counts in Iraq, 311, 328. 

Biometrical study of relationship of 
T. iiniforme and T. vivax, 517. 

Bird malaria, 4, 271. 

Bitts arietans, B. gabonica and B. nasicornis, 
445. 

Blackwater fever, following atebrin, 99. 
in Alacedonia, 123, 157, 171. 
pseudo-methaemoglobin in, 139, 374. 
treatment b\’ alkalines, 177. 
by blood transfusions, 177. 

Blood analysis in kala-azar, 186. 

chemistry in helminthic anaemia, 431 . 
elements essential for maturation of 
anopheles ova, 437. 


Blood — ennti nued. 

films — method of lahelling and pro- 
tecting, 118. 

(immune) injection in treatment of 
malaria, 227. 

intramuscular injection in treatment 
of onyalai, 213. 

leucocyte picture in Iraq, 309. 
pigments. 139, 171, 374. 
tninsfusions in blackwater fever, 177. 
kala-azar, 189. 

Bulinus forsknlii and P. nasnta hosts of 
S. haemntnhiunt in Kenya, 673. 

experiments with miracidia of 
.S', haemnlobtum, 2. 

Cerebrospinal fluid in relapsing fever 
(Chinese), 625. 

Chalmers Alcdal presented to Professor 
Gordon, 122. 

Chloramine and chlorine (gaseous) for 
destroying schistosome cercariae, 551. 
Cinematograph film of a leper settlement, 
382. 

Climatic bubo. 578, 585, 587, 598. 

experimental investigation, 587. 
in .African natives, 585. 

Climatic conditions and yaws, 451. 

seasonal mortality from 
smallpox in Hong- 
kong, 640. 

Clinical and Laboratory Meeting, 371. 
ColumbigaUinn passcn'nn nigrirostris, mf. in, 
407. 

Correspondence 

Bejel. 259, 369, 469. 

I'ilariasis and reticulo-cndothclial sys- 
tem, 368, 471. 

Onyalai, 572. 

Schizonts in endothelial cells in 
monkey malaria, 470. 

Sellar fever, 571. 

Trx’panosomcs in bat and marmot, 
260. 

Corrigenda, 262, 570 (see also last page 
of index). 

Cows and yellow fever, 200. 

Ciilex fatigans, duration of larval develop- 
ment in, 416. 

IV. bancrofti in, 413. 

Culicine host of malaria parasites, 111. 
Death rates (Chinese) in Hongkong, 457. 
Dermal leishmaniasis in Aleppo refugee 
camp, 191. 

Diet and beriberi, 493. 

ehronic parotid enlargement, 349. 
helminthic anaemia, 434. 
kala-azar in Sudan, 180. 
leprosy, 381. 

phagaedenic ulcerin the Pacific, 656. 



IV. 


INDEX TO SUBJECTS. 


Diet in sprue in Egypt, SS'J. 

tropical macrocytic anaemia, 170. 

Dirofilaria immitis, 68, 73, 

Disseminated sclerosis in the Gold Coast, 
671. 

Doves, filariasis of ground, 407. 
new filariid in 47. 

Dysenteric entamoebac, rats as carriers of, 
87. 

Electric charge of trj'panosomcs in tsetse 
flies, 81. 

Elephantiasis, 64. 

of leg surgically treated, 371. 

Empyema followed by necrosis of cranial 
bones, 373. 

Endothelial cell cycle in P. gallinacettm, 
4, 273. 

cells, schizonts in (correspon- 
dence), 470. 

Entamoeba histolytica, experimental infec- 
tion of guineapig and rabbit, 2. 
in rats, 87. 

Eye, F. bancrofti in, 372. 

O. volvulus lan’ac in corneac and skin, 

2 . 

Filaria, see also Wuchereria. 
bancrofti in eye, 372. 
experiments with Mf. columhigallirtae, 
Mf. bancrofti, etc., 55. 

Filariasis and reticulo-endothelial system, 
61 (correspondence), 368, 471. 
control measures, 429. 
of ground doves, 407. 

Filariid (new) in ground doves, 47. 

Foumeau 914 in treatment of kala-av.ar, 
189. 

Fowl-pest, experimental infection of mon- 
keys, ferrets, etc., 4. 

Frei test, 581, 586, 593, 599. 

Freshwater Biological Association of the 
British Empire, 261. 

Gaboon viper {Bitis gabonica), 445. 

Glossina, see also tsetse flies. 

morsitans and T. rhodesiense, trans- 
mission experiments, 251. 

Granuloma, ulcerative, resistant to anti- 
mony, 601. 

Guineapig — experimental infections with 
E. histolytica, 2. 

Haemoglobinaemia in malaria, 539. 

Hamster, experimental transmission of 
leprosy to, 401. 

Helminthic anaemias, oedema in, 431. 

Hepatic cirrhosis with haematemesis and 
megalocytic anaemia [title only], 373. 

Hepatitis and yellow fever immunization, 
297. 


Hongkong, Chinese death rate in, 457. 
epidemiology and death rate from 

smallpox in, 635, 

Honorary Fellow, election of Prof. Bern- 
hard Nocht, 370. 

Humidity and yaws, 451. 

Hyaena, piroplasmosis in, 6. 

Induction of new President, Col. S. P. 
James, 121. 

Infantile beriberi, 503, 505. 

Jaundice after yellow fever immunization, 
297. 

of obscure origin in Sudan, 668. 

Juxta-articular nodules, 18. 

Kala-azar, in Fung Province, Sudan, 179. 

Laboratory Meeting, 1. 

Clinical and, 371. 

Labelling and protecting blood films, 118. 

Legacy to the Society', 262. 

Leishmaniasis, dermal, in Aleppo refugee 
camp, 191. 

Leprosy — blood counts in Iraq, 311, 327, 
epidemiology and control of, 377, 
in Europe, 378. 
in Southern Sudan, 107, 
leper settlements, 381. 
transmission to hamster, 401. 
tuberculoid, 383. 

Leptospirosis in Northern Sudan, 667. 

Leucocyte picture in Iraq, 309. 

l.ight — sunlight at mosquito breeding 
places, 6. 

Lymphogranuloma inguinale, see climatic 
bubo. 

Macedonia, blackwater fever in, 123. 

tropical macrocytic anaemia in, 3, 170. 

Malaria — action of quinine and atebrin on 
sporozoites of P. falciparum, 235. 

advances in knowledge since the 
war (Presidential Address), 
263. 

and blackwater fever, 123. 

blood counts in cases in Iraq, 310, 
326, 

case of P. ovale infection [title 
only], 7. 

Commission of the League of 
Nations, 264. 

fatal case of P. falciparum infec- 
tion, 7. 

haemoglobinaemia in, 539. 

in Army in India, effect of 
synthetic drugs on [title 
only], 1. 



INDl'X TO Sl.’Hjr.t:TS. 


Mala ri a — coit liiiiird. 

mixc-cl infection I\ fdlrifxinmi and 
P. ovale, 2. 

parasites — schizonts in reticulo- 
endothelial Cells, 4,273. 
(correspondence), 470. 
in culicinc host, 111. 
jnedisposintt to phaRacdcnic ulcer 
659. 

prophylaxis with quinine and 
atebrin, 241. 

Survey of India. 275, 2S0. 
treated with injection of itninunc 
blood, 227. 

Malarial haemolytic anaemia of monkevs, 
178. 

Manson Medal, ID.'IS Award, 694. 

Mamiite in treatment of tropical macrocytic 
anaemia, 170. 

Marmot, trvpanosomes in (correspondence) 
260. 

Meetings of the .Society 

1!)37— 

Alarch 18th, Laboratory rticetint;, 1. 
May 20th, Ordinan’ Mcctinc, 9. 

June 17th, .-Annual General Meeting 
and Ordinan,' Mcetinc, 119. 
October 21st, Opening I^Icetini: of 
Session, 263. 

November ISth, Clinical :tnd Labora- 
tory Mectinc, 371. 

December 0th, Ordinary Meeting, 
377. 
inos— 

Januaiy 20th, Ordinary Mectinc, 473. 
February 17th, Ordinary Meeting, 
577. 

Megalocytic anaemia associated with hac- 
matemesis and hepatic cirrhosis, 373. 
Mental hospitals, colonial expenditure on, 
35. 

Mesnil, Felix (Obituary’). 691. 

Molluscs, freshwater, in Kenya, 678. 
Monkey malaria, 274. 

malarial haemolytic anaemia of, 
178, 

yelloyv fever in African, 103. 
Mosquito breeding places, recording sun- 
light at, 6. 

catcher (pyrex glass), 419. 
culicinc host of human malaria 
parasites. 111. 

droppings, container for, 422. 
eggs, desiccation experiments, 
115. 

relation of blood feeds to matura- 
tion of ova of A. elutus, 437 . 
(yelloyv fever vectors) and mon- 
keys, 105. 


iMoUM* — intestinal ilat;ellates from, in 

tsetses, 7. 

protection test (vellow fe\cr), 
199. 

spirillum resembling .8'. riiiinis in, 

7. 

Murine typhus in Fgypt. 255. 


Necrosis of cranial hones ftillowing emp\ - 
cma, 373. 

Neocrvl in treatment of sleeping sickness, 
333. 

Nocht, Professor Hernhard. election as 
Honorary’ Fellow, 370. 

Obituaries 

Prof. Felix .Mesnil, 69L 
Sir 'Phomas .Stanton, 575. 

Oedema in helminthic anaemias, 431. 

Oflieer.s of the Society, election of, 120, 
262. 

Ouchnccrca r-olviitus larvae in corncac and 
skin, 2. 

Onyalai — a review, 207. 

(correspondence), 572. 


Pancreatic cyst [title only], 372. 

fluid, pseudo-mcthacmoglobin in, 374. 
cyst following scorpion sting, 613, 620. 
Parotid enlargement, endemic, in Fgvpt, 
339. 

Pericarditis and amoebic hepatic abscess, 
689. 

Periodicity, filarial, 66, 73. 

Phagaedcnic ulcer in the Pacific, 647. 

relationship to malaria, 
659. 

Phvsopsis vasuta host of 5. bovis in Kenya, 
684. 

or B. forskalii host of S. haevta- 
lohiuin in Kenya, 673. 
Pigments in blackwatcr fever, 139, 171, 
374. 

Piroplasmosis in hyaena, 6. 

Plasmodium falciparum — action of quinine 
and atebrin on sporozoites, 235. 

and P. ovale in case from Zanzi- 
bar, 2. 

infection — fatal case, 7. 
gallinaceum, endothelial cell cvclc of, 
4, 273. 

schizonts in endothelial cells 
(correspondence), 470. 
ovale and P. falciparum in case from 
Zanzibar, 2. 

ovale infection, case of, 7. 
Pneumococci prevalent in Lagos, 535. 



VI. 


INDEX TO SUBJECTS. 


Polyposis in ulcerative colitis [title onivl, 
374. 

President, induction of Col. S. P. James 
as, 121. 

Presidential Address, 263. 

Protozoa, intestinal, of rats, 87, 93. 

Pseudo - methaemoglobin — artificial pro- 
duction of, 374. 

in blackwatcr fever, 139, 171. 
in pancreatic cyst fluid, 374. 

Pyruvic acid — its relation to beriberi, 483, 
493. 

Quinine and atebrin in malaria prophy- 
laxis, 241. 

sporozoites of P. falciparum, 235. 

Rabbit — experimental infection with E. 
histolytica, 2. 

Radiograms of ulcerative colitis [title only], 
373. 

Racial incidence of leprosy, 378, 391. 

Rats and tt'phus, 255. 

as carriers of Balantidium, 93. 

E. histolytica, 87. 

Relapsing fever, cerebrospinal fluid in 
Chinese patients, 625. 

Rcticulo-cndothelial cells, schizonts in, 4. 
and 273, (correspondence), 470. 
filariasis and, 61. 
(correspondence), 368. 

Sandflies and dermal leishmaniasis, 196. 

Sandfly fever — blood counts in Iraq, 311, 
328. 

Schistosoma bovis, 682. 

animal experiments with, 680. 
cercariae, water purification in respect 
to, 549. 

haematobium miracidia, experiments 
with snails and, 2. 

moHuscan hosts of, 673. 
ova in appendices, 2. 
matthei, 683. 

Schistosomiasis in Kenya, 673. 

Scorpion poisoning in Trinidad, 607. 

Sellar fever, 281. 

(correspondence), 571. 

Serum-formalin reaction in sleeping sick- 
ness, 507. 

“ Sheathed." mf. in the capillary circula- 
tion, 55. 

Sheep and yellow fever, 200. 

haemoglobinaemia of (South Africa) 
174. 

Shoshin (acute beriberi), 474. 

Sleeping sickness — neocry'l in treatment of, 
333. 

serum-formalin reaction in, 507. 

Smallpox in Hongkong, epidemiology and 
deathjrate of, 635. 


Sodium hypochlorite and schistosome 
cercariae, 562. 

Spectroscopical examination for pscudo- 
methaemoglobin, etc., 374. 

Spirillum (resembling 5. minus) in mouse, 

7. 

Spleen, calcification of [title only], 373. 
in kala-azar, 185. 

Sprue treated with anahaemin [title only], 
373. 

in Egypt, 351. 

" Staggers ” of horses, with jaundice, 306, 

Stanton, .Sir Thomas (Obituary), 575. 

Sunlight recording at mosquito breeding 
places, 6. 

Syphilis and yaws, 245. 

endemic (bejel) among Bedouin Arabs, 

9. 

" Syphiloid ” in Scandinavia, 45. 

Tartar emetic treatment of dermal leish- 
maniasis, 195. 

Treasurer’s Annual Report, 119. 

Tropical macrocytic anaemia in Mace- 
donia, 3, 170. 

phagaedenic ulcer, 647. 

Trustees — new appointments. 694. 

Trypanosoma pambiense sleeping sickness, 
serum-formalin reaction in, 507. 

rhodcsiense, virulence after pas- 
sage, 251. 

uniforme and T. vivax, hosts of, 
520, 522. 

relationship of, 
517. 

Trypanosomes in bat and marmot (corre- 
spondence), 260. 

tsetse flies, electric charge of, 81 . 

Tsetse flies, see also Glossina. 

electric charge of trypanosomes in, 81 . 
intestinal flagellates of mouse in, 7. 

Tuberculoid leprosy, 383, 399. 

Tuberculosis and leprosy compared, 380, 
394, 400. 

blood counts in Iraq, 311, 327. 

Tvphoid agglutinins in natives of Kenya, 
363. 

amoebic hepatitis resembling 
[title only], 372. 

Typhus, case of non-epidemic, 359. 
in wild rats, Egypt, 255. 

Ulcer, tropical phagaedenic, 647. 

Ulcerative granuloma, antimony resistance 
in, 601. 

Urinary schistosomiasis, 676. 

Vaccination in Hongkong, 641. 

Vagrifilaria columbigallinae, 47, 408, 416. 
experiments with mf. in circulation of 
frog, 55. 



INDEX TO SUnjECTS. 


VII. 


V^'rus for immunization, methods of (grow- 
ing, 372. 

Vital statistics and Hongkong, 457. 

Vitamin IT — phvsiolog\’ and biodu-mistrv 
of, 483, 500. 

preparations in treatment of acute 
beriberi, 474, 500. 

Wassermann reaction in relapsing fever 
(Chinese), 630. 

Water purification, modern methods in tlie 
field [title only], 1. 

with respect to schistosome cer- 
cariae, 549. 

Weil’s disease — pathological specimens 
[title only], 373. 

Wuchercria, see also Ftlaria. 

banrrofli in mosquitoes, 413, 


X-r.iy, see also radiogram. 

necrosis of cranial bones, 373. 
calcification of spleen [title only], 373. 
parotid enlargement, 344. 
ulcerative colitis with polvposis [title 
only], 374. 


Yaws, bejel and syphilis, 26. 

warmth and humidity as predisposing 
factors, 451. 

-syphilis problem. 245, 

Yellow fever immune bodies anti animal 
sera, 199. 

immunization and hepatitis, 297. 
in African monkeys, 103. 
mouse protection test, 199. 


C'onitini:N'i)ti.\i. 

Vol. 31, No. 5, p. .'<49 (" Investigation 
on the purification of water with respect to 
schistosome cercariac ”) : 

By G. Witenberg, M.D., and J. Yofe, 
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AND Hygiene. 
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Proceedings of a Laboratory Meeting held at the 
Royal Army Medical College, Millbank, London, S.W., 
at 8.15 p.m., Thursday, ISth March, 1937. 

Sir Arthur Bagshawe, C.iM.G., M.B., D.P.H., President, in the Chair. 


DEMONSTRATIONS. 


Hygiene Department of the Royal Army Medical College. 

Modern methods of water purification in the field. 

Col. A. C. Amy and Major J. S. K. Boyd. 

Graphs and tables illustrating the effect of the new syntheticjdrugs on the 
incidence of malaria among British troops in India. 
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LABORATORY MEETING. 


Dr. A. R. D. Adams. 

1. Entamoeba histolytica infection of rabbit’s stomach. 

A heavy concentrated suspension of cysts was fed to the animal which • 
died after 3 weeks with extensive amoebic ulceration of the stomach and of the 
small and large bowels. 

2. E. histolytica infection of guineapig’s colon. 

A guineapig was similarly infected and developed extensive ulceration 
of the large bowel, and to a lesser extent of the small intestine. 

3. Freshly penetrated miracidia of Schistosoma haematobinm in Bulinus 

(Pyrgophysa) forskali. 

Numerous viable ova from a Mauritian case of urinary schistosomiasis 
W'ere placed in a Petri dish in water containing several snails. The miracidia 
emerging from these eggs vigorously attacked the snails. After about half an 
hour the snails were killed and fixed. Serial sections showed numerous freshly- 
penetrated miracidia. 

4. Vermiform appendices invaded by ova of 5. haematobium. 

Routine section of all vermiform appendices removed at a Mauritian 
Government hospital disclosed the fact that many were infested with bilharzia 
ova. The majority of these cases had no history of either bilharziasis or of 
appendicitis. 

5. Onchocerca volvulus larvae from the corneae and the skin of a European 

infected in Africa. 

A European, aged 34, spent 4 years in Central and East Africa. On 
returning to England in 1934 he developed eye trouble and partially lost his sight. 
The cause of this was not determined until 1937 when larval Onchocerca 
volvulus were recovered from his skin and conjunctivae. He has had no nodules 
or skin lesions attributable to the infestation, and the only other indication of 
parasitization was an eosinophilia of about 40 per cent. 

6. Bertiella studeri from man. 

This parasite is normally one of primates. Ten cases of human infestation 
have now been recorded, and of these five have been found in Mauritius whence 
the present specimen comes. 

Dr. W. E. Cooke. 

Blood films from a case of mixed infection of Plasmodium ovale and 

P. falciparum from Zanzibar. 
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The patient, a missionary, age 23, was invalided to England for tubercular 
infection about a year after arriving in Zanzibar. On reaching England in 
February, 1937, he was found to be sulTering from fever, enlargement of the 
spleen, and marked anaemia. Rlood examination revealed the double malarial 
infection which responded rapidly to atebrin treatment. 

Dr. N. Hamilton Fairley. 

Tropical macrocytic anaemia in Macedonia. 

Dr. Fairley showed a series of blood films, bone marrow smears and 
Price-Joncs curves illustrating types of anaemia encountered in Macedonia 
during some recent investigations there on blackwater fever. 'Phe most interest- 
ing case was one of tropical macrocytic anaemia. 

The patient, a woman aged 25 years, had suffered from chronic malaria 
with splenomegaly and fever for many years and was 7 months pregnant. 
Five days after intensive quinine therapy commenced (2 grammes daily) she 
aborted. When examined 12 days later she was afebrile and profoundly 
anaemic, with a spleen extending to the umbilicus. R.B.C.s — 980,000 per 
c.mm. ; W.B.C.s = 9,530 per c.mm. ; neutrophils = 72-S per cent. ; lympho- 
cytes = 2T6 per cent. ; monocytes = 5*2 per cent. ; eosinophils = 0-4 per cent. 
Pseudo-agglutination was marked and the sedimentation rate rapid. Van den 
Bergh — indirect reaction positive (2 units). The blood picture and the Price- 
Jones cun^e were typically megalocytic in type. Thus the mean diameter = 
8-115^, the standard deviation = 0-571 /x, the coefficient of variability = 7-035 
per cent, and the megalocytosis — 30-2 per cent. Marrow smears showed an 
intense megaloblastic response similar to that encountered in tropical sprue 
and pernicious anaemia. There were numerous primitive haemocytoblasts 
and many primary and secondary erythroblasts as well as normoblasts. True 
Ehrlich megaloblasts, however, with pink-staining cytoplasm were not common. 

For 6 days the patient received daily injections of 8 c.c. of campolon. The 
reticulocyte response on the 7th day = 19-3 per cent. Within 19 days the 
R.B.C.s = 3,060,000 per c.mm. ; this indicated a gain of 1,980,000 corpuscles 
per c.mm. or approximately 100,000 cells per day. The Price-Jones curve at 
this time showed restoration of the blood to a normal condition. The mean 
diameter = 7-016/x; the standard deviation — 0-5565fi; and the coefficient 
of variability — 7-931 per cent. 

Findings similar to those cited above were observed in a number of other 
patients with malaria and blackwater fever in Salonika and will be published 
at a later date. The exhibits had a special interest since they demonstrated 
for the first time the existence of tropical macrocytic anaemia in Macedonia 
where the diets were often very deficient in sources of extrinsic factor. Marmite 
was not procurable in Salonika itself, but its adoption as a therapeutic agent 
even in hospital practice would be of the greatest benefit. 
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LABORATORY MEETING. 


Dr. G. M. Findlay and Dr. R. D. Mackenzie. 

Preparations showing lesions in monkeys, ferrets and other mammals 
infected with the virus of fowl pest. 

The virus of fowl pest is ordinarily pathogenic only for fowls and a few other 
species of birds. As a result of continued intracerebral passage in mice both 
its neurotropism and its general pathogenicity are increased to such a degree 
that it then becomes infective for a large number of mammals and birds including 
the rhesus monkey, ferret, hedgehog, mouse, rat, field vole, -duck and pigeon. 
The naked eye and histological lesions produced, more especially in monkeys 
and ferrets, bear a very close similarity to those seen in yellow fever and show 
that the virus of fowl pest must be included in a group that already comprises 
the viruses of yellow fever, dengue, Rift Valley fever and horse sickness. 


Lt.-Col. S. F. James and Dr. P. Tate. 

Preparations illustrating the recently discovered cycle of avian malaria 
parasites in reticulo-endothelial cells. 

Photographs of some of the preparations shown are reproduced on a plate 
facing this page. Colonel James, who was invited by the President to describe 
the exhibit, said it was concerned with the life cycle of the avian malaria parasite 
which Professor Brumpt (1935 and 1936) found in domestic fowls in Ceylon 
in 1935 and to which he gave the name Plasmodium galliiiaceum. This parasite, 
like other members of the family Plasmodiidae, has a schizogonic cycle of develop- 
ment in the circulating red blood corpuscles of the vertebrate host and a sporo- 
gonic cycle of development in the insect, host which, as Professor Brumpt 
showed, is the yellow fever mosquito Stegomyia fasciata (Aedes aegypti). But 
it appeared from the work illustrated by the exhibit that it has, in addition, 
a hitherto unrecognized schizogonic cycle of development in monocytes and 
in reticulo-endothelial cells of the spleen, liver and kidneys ; and particularly, 
in certain cases, in the reticulo-endothelial cells which line the capillaries of the 
brain. The first step in this finding was that in January this year Colonel 
James observed in the cytoplasm of endothelial cells from the spleen and 
heart blood of a chicken which had died from the malarial infection, non- 
pigmented schizogonic phases of a parasite which bore little or no resemblance 
to the pigmented schizogonic stages of the malaria parasite as seen in red 
blood corpuscles. The phases that had been observed were shown to 
Dr. Wenyon and were called, provisionally, “ x bodies.” Previously 
Huff and Bloom (1935) of the University of Chicago had found what seemed 
to be the same phases in various types of cells of the bone marrow of birds 
infected with P. elongatum ; and Raffaele (1936) of the Marchiafava Institute 
for Malariology in Rome had found some of the phases inP. elongatum and also 
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Fig. 7 

Photographs of Prepar-atioxs showesi by Colonel James and Dr. Tate. 

Figs. 1,2 and 3. — Schizonts of the endothelial cell cycle in cells from the heart blood of a fatal case. 

Figs. 4, 5 and 6. — Schizonts in smears of the spleen and liver. In 6 the arrow on the left points 
to the merozoites (about 30 in number) of a pigmented parasite which has “sporulated ” in a 
red blood corpuscle, and tlte arrow on the right to the merozoites (numerous) of an umpigl 
mented parasite which has “ sporulated ” in an endothelial cell. 

7. — brain capillaiy^ distended and blocked by three large schizonts. 


To face page 4 . 
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in the rcticulo-cnclothclial system of birds infected with P. rcUctum. Tims it 
appeared that observers working independently in diil'ercnt countries on three 
different species of avian plasmodia have found that at any rate some malaria 
parasites have an additional cycle of development in the vertebrate host which 
was previously unknown. As regards human malaria parasites, the occurrence of 
such a cycle in ” tissue cells ” instead of in red blood corpuscles was postulated bv 
several investigators (Ja.mks, 1931) some years ago in an endeavour to explain why 
quinine is ineffective in preventing attacks of malaria due to the bites of 
mosquitoes and in preventing the relapses and recurrences which arc such a 
troublesome feature of the human disease. In this connexion Colonel James 
and Dr. T.\tf. repeated on chickens infected with P. gallmaceiim some of the 
prophylactic and curative clinical trials with quinine and the synthetic anti- 
malarials which were made on other avian and on human plasmodia in 1931 and 
later years. The results seemed to them to indicate that the discover}' of the 
endothelial cell cycle of the parasite opens up some interesting problems for chem- 
therapeutic research and may help to explain some of the clinical, therapeutic 
and epidemiological problems of malaria which have not yet been solved. 
Several of the preparations shown were from chickens which had been cured 
temporarily of the peripheral blood infection by the administration of two or 
more doses of quinine but had died later as a result of the development, in the 
cytoplasm of endothelial cells of blood vessels in the brain, of large schizonts 
which completely blocked the capillaries. (Fig. 7.) 

Colonel J.AMES remarked also that the discovery, apart from its probable 
bearing on clinical and therapeutic problems, raised a question of interest to 
systematists in that it did not seem correct any longer to define the Plasmodiidae 
as a family in which the whole of the vertebrate cycle of development occurs 
in the circulating red blood corpuscles. P. gallmaceum is evidently a parasite 
which, in the vertebrate host, has a cycle of development characteristic of 
members of the family Plasmodiidae ; but, in addition, it has a cycle of develop- 
ment resembling, in some respects, the schizogonic cycle in endothelial cells 
which is ordinarily described as being characteristic of members of the family 
Haemoproteidae. A preliminary note on these observations has already appeared 
in Nature (James and Tate, 1937). 
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LABORATORY MEETING. 


Mr. H. S. Leeson. 

Methods of recording sunlight at mosquito breeding places. 

Two kinds of photometer were shown. The first is known as the “ Eder- 
Hecht grey wedge photometer ” and resembles a photographic printing frame of 
metal. Light passes through a milk-white glass and through another glass 
strip, which is transparent at one end but gradually increases in opacity towards 
the other end ; then through a calibrated strip of celluloid. A print of the 
scale-lines is obtained on photographic paper during exposure. After toning, 
fixing and drying the paper the last transmitted scale line is read and the figure 
compared with the table of relative light values. 

Regular exposures at the same time and place and for the same period 
each day (or alternatively, for the whole day) provide records of daily variation 
in total light reaching the place. Collections of mosquito larvae and light 
records from the same spot, when compared, will indicate if changes in light 
conditions affect the larval population. Accumulation of data over a consider- 
able period is essential ; this is only possible when the investigator is stationary. 

Correction factors for the paper and for each part of the apparatus are 
obtained from the Observatory at Davos, Switzerland, from whence the apparatus 
originated. 

The other instrument measures light intensity instantaneously. It was 
used during a recent visit to East Africa, where the bionomics of the different 
forms of Anopheles of the fimestus series were being investigated. It consists 
of a photoelectric cell and galvanometer, the latter registering in milliamperes. 
At each exposure of the cell at mosquito breeding places it was also exposed 
to the open sky to measure the available light. The readings were then con- 
verted to percentages of available -light. The tables and diagrams exhibited 
showed that larvae of Anopheles funestiis were found in waters receiving not more 
than 70 per cent., the most favourable being those receiving about 20 per cent. 
A. gambiae, on the other hand, was commonest in totally unshaded waters. 

The standardizing of this photoelectric photometer was very kindly done by 
Mr. P. Ullyott of Cambridge. 

Photographs of the instrument in use and of some typical breeding places 
in East Africa were also shown. 


Mr. C. Machattie. 

Piroplasmosis in the hyaena. 

The piroplasm was found in blood films made from the tip of the ear of a 
20 months old hyaena {Hyaena striata) in Iraq. The organism which was 
present in the blood in fairly large numbers was of the Nuttallia type and very 
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closely resembled the parasite of the cat described by Davis'* from the Sudan 
under the name of Babesia canis. In the blood films of the hyaena there occurred 
also a spirochacte of the relapsing fever type. 


Dr. R. D. Mackenzie. 

Naturally occurring spirillum in the vesicula scminalis of the mouse compared 
with the spirillum of rat-bite fever. 

The seminal fluid of a number of “ normal ” white mice contains a spirillum 
closely resembling the causal agent of rat-bite fever (Strof-SCO)!. 

Since attempts to passage this organism in either rats or guineapigs have 
been unsuccessful, and in view of the later observations of Dubois, | it would 
appear that this is a new and unnamed spirillum which should be dilTercntiatcd 
from Spirillum minus. 

The possible presence of this organism in stock mice should be remembered. 


Dr. Manson-Bahr. 

1. Blood films from a fatal case of malignant tertian malaria. 

On the voyage from the Gold Coast, where he had just completed a 6 weeks’ 
tour, the patient, an elderly but vigorous and healthy man, suffered from 
persistent severe diarrhoea and vomiting. There was no fever and malaria 
was not suspected. The day following his arrival in London he was admitted 
to hospital and was found to have a heavy infection of P. falciparum. In spite 
of intravenous quinine and other treatment he became comatose and died the 
following day with all the characteristic postmortem appearances of overwhelming 
malignant tertian malarial infection. 

2. Blood films from a case of P. ovale infection from the Cameroons. 


Dr. C. M. Wenyon. 

Intestinal flagellates (Trichomonas, Giardia, Hexamita) of mouse in intestines 
of tsetse flies fed on mouse. 

During the course of experiments made by Dr. J. C. Broom and Major 
H. C. Brown designed to infect tsetse flies with trypanosomes by allowing 
them to feed on the abdomen of infected mice, it was noted that occasionally 

*Davis, L.J. (1929). Tram. R.Soc. trap. Med. Hyg., 2Z, 523. 
fSTROESCO, G. (1936). C.R. Soc. Biol., 121, 619. 
fOuBOis, A. (1936). Ibid, 123, 1262. 
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in dissection shortly after feeding that little or no blood vras present in the 
intestine, vrhich was filled with a whitish fiuid. One such fiy dissected about 
three hours after feeding was found to have in its intestine diluted blood con- 
taining tr}-panosomes as well as other flagellates vrhich proved to be those of 
the intestinal forms from the mouse. It was e\'ident that when feeding on the 
abdomen of the mice the flies were liable to pass the proboscis through the 
abdominal and intestinal walls into the intestinal canal from which fiuid and 
organisms could be imbibed. 



9 


TnANSACTIONS OF TIIF ROYAI- SOCIKTV OF 
TnoPiCAL Dis^hask and Hvoif.nf.. 
Vol.XXXI. No. 1. June, 1937. 


Proceedings 

of an Ordinary Meeting of the Society, held at 
INIanson House, 26, Portland Place, London, W.l, at 8.15 p.m., 
on I'lnirsday, 20th May, 1937. 

Sir Arthur Bagshawk, C.il/.G., IM.B., D.P.IL, President, in the Chair. 


PAPER. 
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ELLIS H. HUDSON, M.D.* 


There is doubtless general agreement that there e.xists among the lowly 
populations of large areas of the world a tremendous amount of disease due to 
TrepoJteina pallidum, and it can hardly be denied that the character of syphilis 
in the indigenous population of Asia and Africa differs in many respects from 
European syphilis. This “ indigenous syphilis ” has been recognized in many 
places and given many descriptive names, but it has been little studied because 
of admixture and confusion in some places with venereal syphilis and in others 
with yaws. Bejel, the endemic syphilis of the Euphrates Arabs, is free from both 
sources of confusion, being propagated under biologically free conditions, 
untreated, and not linked with sex, and being found in a region far from the 
accepted geographical delimitations of yaws. 

Geographically, the Arab world, consisting of Arabia, Mesopotamia, 
Syria, Palestine, Egypt, and the countries of Northern Africa, lies where it touches 
the three continents of the Old World — ^Asia, Africa and Europe. 

*The author gratefully acknowledges the assistance of his wife, of his colleague 
Dr. Susan S. Crosley, and of Miss Agnes L. Young and other members of the staff, in 
the collection of clinical data and preparation of the papers which form the basis of this 
report. 

This clinical investigation was carried out while the writer was in charge of the clinic 
of the American Presbyterian Mission in Deir-ez-Zor, Syria, during the years 1924 to 1936. 
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Historically, the Arab race has had intimate contact with these three great 
population masses. Arab military power penetrated eastward to India and 
westward to the Atlantic and Spain ; commerce and war took Arab influence 
across the Mediterranean and over the bridge of Turkey into Europe. While 
the Arab trader and warrior was creating an Arab civilization reaching from the 
Straits of Singapore to the Pillars of Hercules, north into Europe and south 
into the heart of Africa, he was at the same time creating an Arab pathology 
out of the diverse disease elements which he carried with him and which he 
found in his new homes. This process of amalgamation and interchange is 
still at work in commerce and pilgrimage throughout the ramifications of the 
Mohammedan world. 

Sociologically, the Arab race stands midway between the primitive rural 
life of the African bush and the highly organized urban life of Europe and 
America. Though alien blood has percolated into Arabia through slave trade 
with Africa across the Red Sea, and through commerce with India across the 
Gulf, with Persia through Mesopotamia, and with Turkey through Syria, the 
Bedouin of the Syrian Desert and the Peninsula is the native Arab. In his 
habitat of desert and goat hair tent he remains the primitive savage. Where 
he has abandoned nomad life and assumed the role of agriculturist and trader 
he has become a sociological hybrid. The cities which the Arab has created in 
the Near East reveal his hybrid nature. 

The Arab world is therefore a “ transition ” world, historically, geographi- 
cally and sociologically ; and since diseases change their character with change of 
" soil,” one would expect to find in this area transitional forms of disease, reflecting 
the diverse geographical, historical and social currents of this region of the 
world. 

The town of Deir-ez-Zor, situated in the Syrian Desert on the Middle 
Euphrates, on the 35th degree of latitude north, is a microcosm of this hybrid 
Arab world, and bejel, the endemic syphilis of the Euphrates Arab, exemplifies 
this intermediate quality, resembling venereal treponematosis of the Occident in 
some respects, and tropical treponematosis (yaws) in others. 

A glance at the map will remind one of the fertile crescent, beginning 
on the left with the Lebanon Mountains, running in a north-easterly curve along 
the south of Turkey, and ending to the east in Iraq. This well-watered crescent 
enfolds a semi-arid steppe known as the Syrian Desert across which — radially 
to the arc — run the Euphrates River and its tributary, the Khabur. The town of 
Deir-ez-Zor (Fig. 1, facing p. 16) lies near the junction of the two rivers at a point 
about the middle of the chord subtending the crescent. The straight-line length 
of the Euphrates from the Turkish to the Iraq borders is about 250 miles (400 
km.), and the length of the Khabur is about 125 miles (200 km.). 

The people who live along these two rivers are insulated from contacts 
with the outside world to a remarkable degree by the desert barrier, the nearest 
city being over 200 miles away, and most of them still live in the manner of their 
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ancient forbears. The settled population of the region numbers about 200,000, 
of whom 195,000 are indigenous Moslem Arabs. This number does not include 
the nomad Arabs of the Syrian Desert, whose position and numbers fluctuate 
with the seasons, and who are not included within the scope of this paper. 

The Christian population of the region, numbering about 5,000, has little 
social significance and is not indigenous. • The Christians arc refugees and others 
whose homes arc elsewhere ; they arc to be found only in the towns. 

The indigenous Moslems who comprise the bulk of the population arc 
divided into two distinct groups, the townspeople and the Bedouins. 'Fhe former 
number about 50,000 of whom 35,000 arc to be found in Dcir-cz-Zor, and the 



remainder in other small towns. The Bedouins number 145,000, living in small 
mud villages strung along both banks of the Euphrates and Khabur. (Fig. 2.) 

Veis’ereal and Non- Venereal Syphilis. 

Among the Christians the patronage of prostitution exists to a degree 
comparable to that in the West. Syphilis among them is known as franghi 
(the foreign disease), and the name carries wth it the connotation of venereal 
origin and of shame. The Bedouins, on the other hand, call their syphilis 
hejel (Hudson, 1928), speak of it without shame, recognize it as a childhood 
disease, do not link it with sex, and resent the suggestion that it is the same 
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as the venereally acquired franghi. Christians never have bej’el and Bedouins 
never have franghi. 

Townspeople may have either — ^franghi if acquired venereally, and bejel 
if acquired non-venereally. The infants of town families are often sent out to 
the villages to be wet-nursed by Bedouin women, and they may thus contract 
bejel. In other instances bejel may appear among the children of a town 
family through some contact with a villager. On the whole, bejel is dying out 
of the towns, because barriers of treatment and segregation in the housed urban 
communities increasingly obstruct the normal routes of propagation among the 
children. 

Though most of the town families sprang originally from Bedouin stock, 
townsmen and Bedouins are now sharply demarcated from each other by social 
distinctions of dress, language and mode of life. The economic status of the 
townsman — shopkeeper, usurer, artisan, professional man — is comparatively 
high, while that of the Bedouin, in constant struggle with the forces of nature, 
is just above the level of starvation. The townspeople despise the Bedouins 
as dirty and uncouth, and the dislike is mutual, so that there is little social or 
sexual intercourse between the two groups. 

Prostitution is found only in the towns, and the Bedouins are not allowed 
in the brothels. The Bedouins live at a distance from the towns, which they can 
reach only on foot ; they have little money and little interest in the amusements 
of the town, and they do not touch alcohol ; their young men seldom enter 
military service, and their children do not attend the town schools. 

In their own villages, the Bedouins have a strict sexual code which reduces 
promiscuity to a negligible quantity. The closely knit clan life still preserves the 
Arabs’ highly developed sense of sexual propriety. Girls are married early, 
and the tribal organization sees to it that few women remain unmarried. The 
Bedouins do not tolerate sexual promiscuity, rape is severely punished, the 
marriage price is fixed by custom and paid to the bride’s father, and polygamy 
as practised by the Arabs is a bulwark of public morals. 

These are general considerations supporting the assumption that bejel, 
the syphilis of the Bedouins, is propagated non-venereally. Objective information 
on this point is furnished by the following clinical data (Hudson, 1936b). 

Of all the males, 15 years and older, admitted to the clinic in the course 
of 5,000 consecutive general new admissions, 40 per cent, were syphilitic. Of 
the Christian men in this series 12 per cent, were syphilitic ; of the townsmen 
21 per cent. ; and of the Bedouin men 66 per cent. 

In a consecutive series of 660 syphilitic men, 7-5 per cent, were Christians, 
23-5 per cent, were townsmen, and 69 per cent, were Bedouins. In the same 
series, infection with syphilis was acknowledged by only half the Christians, 
by two-thirds of the townsmen, and by nine-tenths of the Bedouins. Two- 
thirds of the Bedouins acquired their syphilis in childhood. A history of 
repeated venereal exposure and of gonorrhoea was obtained only from Christians 
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and townsmen. Genital chancres were found only among Cliristlans and 
townsmen. Syphilitic lesions of the Bedouins were mostlv late manifestations 
of the disease, in the mouth, nose and throat, on the skin, and in the bones 
and joints. (Table I.) 


Taiiij: I. 

SIPHILITIC LESIONS AND iiisTonv OF i.x!'osrnn TO vf:Nrni:\L intection in OGO svrmLiTic men 



Christians 

(franghi) 

r>o 

Townsmen 
(franghi or bejel) 
i.-.i; 

Bedouins 

(hejel) 

•1.51 

SypJiilttic lesions : 


1 

j 

Ulcers of mouth, nose and throat 


1 

1 7r» 

Ulcers and eruption of skin 

•I 

IS 

i If)*’' 

Periostitis 

1 

■I 

1 

Arthritis and effusions 

0 

:i 

1 J5 

Juxta-articular nodules 

0 

1 


Plantar keratosis 

0 

0 

1 ' 

i 

Exostoses 

0 


o 

Orchitis 

o 

5 


Uatc penile ulcers 

I) 

I 


Chancres 

21 

]■) 

0 

Buboes 

.•{ 

a 

1 

Tabes dorsalis 

I 


0 

Hemiplegia 

0 

1 

0 

History : 




Habitual venereal exposure 

12 

12 

0 

Acute or chronic gonorrhoea 

10 

10 

0 


lesions in Christians and townsmen are linked with se.K : those in 
ouins are late sequelae of their childhood infections. 


• r evidence of the lack of sexual promiscuity among the Bedouins 

IS furnished by the statistics of gonorrhoea among 7,000 consecutive new clinic 
patients. There were 149 cases of this disease, ninety-eight in men and fifty- 
one in women. Ninety-six of the ninety-eight men were Christians and towns- 
oien , none was from the seminomad villagers, the remaining two being nomads 
0 the eastern desert, one of whom was a soldier. Of the fifty-one women, all 
were either Christians or townswomen. 

• fl colleague and I have never found gonorrhoeal cervicitis or pelvic 
in ammation in the semi-nomad Bedouin women, nor acute urethritis or its 
complications in the men. 

In a case of venereal syphilis, the element of shame clouds the patient’s 
Bedouins on the contrary, readily acknowledge previous infection 
1 bejel, and their statements' have a high degree of accuracy, as shown by a 
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check with their reactions to the Kahn test. Table II summarizes the statements 
of 1,000 consecutive Bedouins of both sexes and all ages. 


Table II. 

Bedouin statements as to time of infection with bejel (1,000 cases). 


Time of infection 
(age in years). 

Men. 

Women. 

Children. 

Total. 

0 to 14 

219 

230 

103 

558 

15 to 19 

18 

17 

0 

35 

20 to 29 

25 

33 

0 

58 

30 to 39 

12 

13 

0 

25 

40 to 49 

7 

5 

0 

12 

50 to 59 

4 

0 

0 

4 

60 to 69 

3 

2 

0 

5 

Uncertain 

13 

23 

4 

40 

Infection denied — 





Kahn negative 

30 

33 

25 

88 

Kahn positive 

16 

11 

9 

36 

Not tested 

13 

24 

55 

92 

Total 

300 

397 

190 

953 

Blank records 




47 


1 


Total cases 

1,000 


60 per cent, of the adult Bedouins say they had bejel in childhood, and over 
75 per cent, acknowledge the infection. 

In the whole series of 1,000, including patients whose statements were lack- 
ing and children who had not yet had bej'el, 55-8 per cent, had had bejel in 
childhood, and 13-9 per cent, named a later specific date of infection ; 
4 per cent, were uncertain and 21-6 per cent, stated they did not have the 
infection. 

There were in the series 757 patients, male and female, 15 years and older, 
of whom 455 (60-1 per cent.) had had bejel in childhood ; 139 (18-4 per cent.) 
others had had bejel at a later specific time, making a total of 594 (78-5 per cent.) 
who acknowledged syphilitic infection. Only 46 (6 per cent.) had had the 
initial infection after the age of 30. 

In a series of 312 presumably healthy Bedouin non-patients, 175 (56-1 pel 
cent.) had positive Kahn reactions of the blood. 

The foregoing is evidence not only that bejel among the Bedouins is not a 
venereal disease, but that it has a community-wide distribution, and that it is 
usually acquired in childhood. 
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Clinicai. Couusi; of Bfjki. (Hudson, 1983.) 

At some time in early life, the Bedouin child contracts l>ejel from some 
other child in the acute stage of the disease. The spirochaetc is usually passed 
from host to host by immediate non-sexual contact, and tlic transference is 
favoured by general unclcanlincss, total lack of segregation and the succulenee 
of the mucocutaneous lesions. Possible auxiliai*)’ factors in contagion arc the 
use of a common drinking bowl, the habit of kissing and fondling, and the 
presence of the domestic fly, the louse and the flea. 

Oral lesions arc usually the first to appear, and the word bejel is used by the 
Arabs particularly for patches in the mouth. These patches desquamate but 
do not ulcerate. The saliva and the scrapings from the plaques swarm with 
spirochaetes of the morphology and characteristic motility of T. pallidum. About 
the same time papules appear about the genitalia and in the folds of the skin 
(Fig. 3) where there is warmth and moisture. Other papules may appear 
on the trunk and extremities (Figs. 4, 5), usually in circinate configurations. 
Spirochaetes are easily demonstrable in all these lesions. A roscolar eruption 
has been observed, but is rare : doubtless the pigment of the Bedouin skin 
sometimes causes it to be overlooked. 

The process in the oral cavity m.ay c.xtend to the bones of the nose, producing 
softening and collapse of the nasal bridge. Less often there is tenderness and 
swelling of the epiphyses and periosteum of the long bones. 

In the course of a year the early lesions disappear, leaving an apparently 
healthy child. Few of the Bedouin children ever receive any treatment ; 
their parents regard the infection as inevitable and self-terminating. 

It is said of the secondary lesions of yaws that they often leave permanent 
scars. This is certainly not true of the skin and mucous lesions of the early 
cases of bejel ; these heal without leaving a trace. This difference may 
be due to a greater incidence of secondary invasion and tissue necrosis 
in the humid climates of yaws regions. The rainfall in Deir-ez-Zor is less than 
5 inches per annum, the air is always dry, and suppuration is not common in 
superficial skin wounds of any kind. 

Children who have not yet had bejel give a negative reaction to the Kahn 
and Wassermann tests, but their reactions become strongly positive as soon as 
they acquire the disease. The reactions remain positive for years — even 
throughout life — though the subject may present no further signs of the disease. 

When an adult contracts bejel the mouth lesions usually appear first, followed 
by those of the skin and periosteum (Figs. 6, 7, 8) ; often these early lesions 
pass directly into the late forms without a marked latent period. 

An adult who has escaped the infection in childhood is likely to contract 
it later from some child — often his own. It is obvious that it would be rare for 
a marriage to take place in which both partners had escaped prior infection. 
When this does occur, however, both parents may contract the disease from a 
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child, or one parent may get it and pass it on to the other, either by sexual or 
non-sexual contact. It is only this combination of conditions which would 
make possible the transmission of bejel through sex. In most marriages both 
parents have already had bejel ; where this is not so, it is generally true that one 
partner has had childhood bejel, and because of the lapse of time is not infectious 
to the other partner. Bejel is maritally acquired, therefore, in a very small 
proportion of cases, certainly in less than 1 per cent. 

Illustrative Cases. 

Case 5398. Male, aged 32, presenting a mucocutaneous eruption and a positive 
Kahn reaction. The patient and his wife and their 1 year old son all caught bejel at the 
same time from their 4 year old daughter, who had caught it from a neighbour’s child. 

Case 8387. Female, aged 28, presenting a mucocutaneous eruption ; the darkfield test 
was positive. Her elder son first had bejel, then her infant son aged 1 year, and then the 
patient herself. 

At this point attention must be called to the fact that the initial or chancre 
stage is absent or, at any rate, cannot be recognized in bejel. Why this should 
be so is hard to explain, in view of the frequent finding of the chancre in venereal 
syphilis. One might suppose that the first lesion usually appeared in the mouth 
and was unrecognized, especially in the child, but this would not exclude the 
probability of finding an occasional chancre on the skin. The fact is that 
neither adults not children ever present initial skin lesions which might be 
considered chancres, and the Bedouins themselves never recognize such a 
beginning of the disease. Bejel is to them an eruption, first in the mouth and then 
on the skin. (Fig. 9.) 

An explanation of this lack of the chancre stage may be found in the 
hypothesis of a different immunology in childhood-acquired syphilis. It is 
granted that the various tissues react allergically at different rates to the presence 
of the spirochaete. The common explanation of the two or three months’ period 
intervening between the appearance of the chancre and the secondary eruption 
in venereal syphilis is that it takes that length of time for the skin to become 
“ sensitive ” to the parasite, and the maculopapular skin eruption is an expression 
of the development of hypersensitivity in that tissue. It may be that in 
untreated childhood-acquired syphilis there is already present — perhaps 
congenitally — such allergic hypersensitivity of the skin that the eruption appears 
immediately upon the heels of the primary invasion. 

A fact that throws some doubt on this explanation is that yaws seems to 
have an initial or “ mother ” lesion •, yet it is also a largely untreated and child- 
hood acquired treponematosis whose immunology one would expect to resemble 
that of bejel. Possibly this discrepancy may be due to the fact that the earliest 
yaws lesions always occur on the skin rather than the mucous membrane. 
Or it may be that observers of yaws — misled by the analogy to venereal syphilis — 
have been too prone to assign a chancre-like role to the earliest le.sion of , yaws. 




Fig. 2. 


Fig. 3. 


pcir-ez-Zor and the Euphrates {Refrroduced by courtesy of L' Aviation militaire dtt Levant). 
e river here splits into two channels, enclosing a long wooded island. The arches of the smaller bridge may 
1 picture, and the suspension bridge to the right. The American Hospital is to the 

t ot the latter. The villages of the semi-nomad Bedouins, and their narrow strips of irrigated land, line the 
^ banks of the river as it winds through the desert beyond. 

villager’s hut has a half-wall of mud, scraped up from the surrounding soil, and a roof 
ot brushwood covered with grass. The hearth is in the centre of the hut, which is open on one side, 
had* 7650. Child, aged I year; bejel of 1 month duration, probably acquired from mother, who 

infe f' childhood, and a large ulcer of phar>*nx and right tonsil two months prior to the child’s 

ction. The child’s eruption is mucocutaneous; darkfield positive. Note papulo-pustular eruption on the 
back, and condylomatous papules (and flics) on thighs and perineum. 


To face page 16. 




Fig. 6. Fig. 7. 

Fig. 4. — Case S122. Female, aged 4; mucocutaneous eruption, bejel, freshly acquired from neighbour child; 
darkfield positive. Note grouping of fine papules. 

Fig. 5. — Case S261. Male, aged 12; mucocutaneous eruption, bejel, duration 2 months, caught from neighbour 
boy. Round and arciform papules at nape and front of neck, folds of elbows, knees, groins and perinevim. 

Patches on lips, tongue, pharynx and nasal septum. Kahn reaction and darkfield both positive. 

Fig. 6. — Case SS16. Male, aged 20; bejel. 3 months duration, caught from neighbour child. Mucocutaneous 
eruption; on the skin, furfuraceous desquamation upon an er>'thematous base; severe itching. Kahn reaction and 

darkfield both positive. 

Fig. 7. — Case 7004. Female, aged 30; bejel. 3 months duration; caught from neighbour children; husband had 
bejel in childhood. Mucocutaneous eruption; lesions on pharynx, tonsils, tongue, lips, neck, ante-cubital fossae, 
back, abdomen, genitalia, and popliteal spaces. 



Fic. 10. Fic. 11. Fig. 12. 

p’*?',®' Case 7722. Male, aged 50; bejel, recently acquired from his own children; had not had it before. 
J atches appeared first in the mouth, followed by severe lars;ngitis, and then by universal skin eruption; shortly 
anerwards had periostitis of right ulna, metacarpals, both tibiae, and arthritjs both knees. Kahn and Kolmer- 
\^ assermann reactions positive; darkfield positive. Morphology of early skin lesions are figured {a) on the chest, 

(b) on the right arm. 

8741. The earliest bejel lesion observed. Male child, 1 year old; bejel, duration a few days, 
augnt from mother who acquired it a month before. Child also had papule on tongue tip. Darkfield both 

lesions positive. 

IG. 10. Case 5704. Male, aged 41; had bejel in childhood, followed in later years by recurring ulceration and 
.p extensive erosion of nose, hard and soft palate, pharynx and larynx. 

IG. 11 . Case S795. Female, .aged 8; had bejel 2 years before. Dacryocystitis, duration 1 month, pre-auricular 
P and submaxiilary adenitis; tibial periostitis. Kahn reaction positive. 

IG. 12. Case 6460. Female, aged 2S; had bejel in childhood. Ulcer at wrist, duration 5 months, 10 cm. 
diameter. Kahn reaction positive. Central healing with depigmentation; fungating margin. 



Fig. 16. Fic. 17. Fig. IS. 


Fig. 13. — Case 8383. Male, aged 28; had bejel in childhood. Ulcerations right hip, of slow growth, Ij years 

duration. 

Fig. 14. — Case 6171. Female, aged 35; had bejel in childhood. IVIultipIe ulcers both breasts, duration 6 months. 

Was bitten by nursing son who had bejel at the time. Tibial periostitis. Kahn reaction positive. 

Fig. 15. — Case 8711. RIale, aged 28; caught bejel from brother's children 3 years before, a. universal eruption 
which disappeared without treatment. Papule appeared at right nostril 1 year before, subsequently extending 
downward on lip, and inward into nose; stippled surface under crust. Kahn reaction positive. 

Fig. 16_. — Case 3234. Male, aged 14; had bejel in early childhood, followed by ulceration of both tibiae, and 
erosion of soft palate, both tonsils and phaiynx. Kahn reaction positive. Note forward bowing of tibiae. 

Fig. 1/. — Case 4357. Female. _ aged 6; had mucocutaneous eruption of bejel at the age of 3. Itching and 
Assuring lesions of palms, arms, soles and legs appeared at the age of 5. 

Fig. 18. — Case 8828. Male, aged 56; had bejel in childhood. Circumscribed areas of scalp, loss of hair and 

pigment, duration 2 months. No signs or s\*mptoms of neurosyphilis. Kahn reaction positive. 
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instead of grouping it with the manifestations of allergic hyperse^sitivit 3 ^ It is 
admitted by many that in yaws the initial lesion is often absent or unidentifiable, 
and it is apparent that “ chancre immunity ” as seen in venereally acquired 
syphilis is absent in both bejel and yaws. 

The late lesions arc the next consideration in the clinical course of bejel. 
The most common of these is ulceration of the soft tissues at the back of the 
mouth, involving soft palate, tonsils, and pharynx (Hudson, 1937b). The 
ulcer begins as a small erythematous patch which rapidly breaks down, and 
enlarges with the production of a yellow tenacious slough. Deglutition is very 
painful. This condition if untreated lasts for months, but finally heals 
spontaneously, with the production of sheets and bands of scar tissue, which 
may include all the tissues contiguous to the pharjmx. Sometimes the process 
extends downward to and into the larynx, with the production of hoarseness 
and stridor, and when healing eventually takes place the cicatrix may actually 
occlude the larynx, necessitating tracheotomy to preserve life. 

These ulcerations equal in number all other late lesions combined^ and are 
of high diagnostic value, whether active or already healed. They frequently 
produce changes in the quality of the voice. Unfortunately they cannot be 
photographed. A ver}’ coarse maize, eaten in the form of a loaf only partially 
cooked, forms the staple — and usually the sole — food of the Bedouins. It may 
be that irritation caused by this rough diet is responsible for the frequency of 
these late ulcers of the throat. 

Ulcerations in the throat may extend to the bones of the nose, or lesions may 
develop independently in the hard palate or the septum. In either case a mass 
appears within the nose, often erodes through the hard palate into the mouth, 
and breaks down bony tissue in all directions. The degree and character 
of mutilation resembles that of gangosa, or rhinopharyngitis mutilans. (Fig. 10.) 
Grey areas resembling leucoplakia are often to be found on the inner surfaces 
of the lips and cheeks. 

Syphilitic dacrjmcj'stitis is not rare (Fig. 11), and affections of the nasal 
and malar bones may produce thickenings at the base of the nose suggestive 
of goundou, though a fully developed goundou lesion has never been observed. 

The bulk of the remaining late lesions occur in the skin and bones, and 
trauma often determines their position. A very common site is the hip, due to 
the fact that the Arab sits on the floor, resting either on one hip or the other. 
Ulcers often develop at the site of cautery burns. 

The unit of the skin lesion is the papule, which soon becomes multiple, 
spreading in fan shape. Ulceration may follow, with slow healing on one side 
and extension on the other. Sometimes secondary invasion creates deep 
ulceration, but the converse is probably more common — the heaping up of 
granulation tissue in a fungating mass which exudes serum and becomes covered 
with a thick crust. (Figs. 12, 13, 14, 15.) When the crust is lifted a stippled 
surface of moist granulation tissue is exposed.. The dryness of the air discourages 

B 
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suppuration and probably prevents a greater degree of mutilation. The bareness 
of the landscape and the lack of underbrush reduce the likelihood of scratches 
and wounds of the extremities such as are found in primitive people Hying in 
more humid climates. Late skin lesions of traumatic origin situated on the lower 
extremities are, therefore, not so common as might be expected. 

Trauma often determines the site of the bone lesions and probably accounts 
for the frequency of periostitis of the tibial crests. Headache is a common 
symptom, and is often worse at night. General bone pains, described as throb- 
bing in character, are usually present in bejel, both early and late, and are doubtless 
due to a general periostitis. In the long bones this sometimes becomes a 
periosteo-ostitis, with formation of ulcers which eventually heal with excess 
callous formation and the production of bony spurs and sabre tibiae. (Fig. 16.) 

General adenopathy is characteristic of bejel. In the early cases all the 
superficial glands are enlarged and individual glands may be prominent and 
soft, though suppuration does not take place. In the late cases the epitrochlear 
and cervical chains are always palpable, hard, shotty. The inguinal and other 
chains are also usually palpable. 

A feature of interest in bejel is the presence of juxta-articular nodules 
(Hudson, 1935). This pathological condition — so rare in venereal and treated 
syphilis — is not rare among the Bedouins, five having been found in an unselected 
consecutive series of 236 adult males, an incidence of 2T per cent. These were 
found at the usual sites proximal to joints and on bony crests, and one was 
observed on the costal grill. They respond quickly to antisyphilitic therapy and 
biopsy shows the usual histopathology. 

Hyperkeratosis of the plantar surfaces is common among the Bedouins, 
doubtless due to trauma and epithelial overgrowth on the soles of the feet of 
syphilitic subjects compelled to walk barefoot winter and summer (Hudson, 
1936a). The condition is manifested in two forms ; either as foci of cornifica- 
tion on the soles of the feet at the points that bear the weight of the body, 
or as a diffuse thickening of the whole skin, which tends to form fissures in cold, 
wet weather, and to present a rough moth-eaten surface in dry w'eather. 
Ring%vorm-like lesions of the palms and soles are also sometimes seen. (Fig. 17.) 

Patch}" depigmentation of the skin appears not rarely among the semi-nomads, 
either in the extensive scars of the skin lesions of bejel, or elsewhere in areas 
unrelated to the syphilitic lesions (Hudson, 1936a). The discoloration often 
appears about the hands and the feet, but may involve the whole body, pro- 
ducing a piebald effect. It is impossible to detect any change in the texture 
of the skin in the decoloured areas. The patches grow by slow extension, but 
the border is quite undifferentiated from the remaining area. 

Alopecia, or patchy baldness, -with or without loss of hair pigment in the 
same area, may be found in late bejel cases (Fig. 18). 

Hypertension is virtually unknowm in Bedouin patients and cardiovascular 
lesions practically absent. (Hudson and Young, 1931). In a series of over 
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1,000 adult patients of various ages, the systolic pressure of only seventeen was 
over 150 mm. of mercury, and in all our experience with bejel my colleague 
and I have never found a clinically substantiated case of aortic valve disease or 
aneurism. 

Clinical evidence of cerebrospinal syphilis in bejel patients is extremely 
small. In the course of a large series of tests the number of abnormal pupillary 
reactions, abnormal upright station (Romberg), and abnormal tendon reflexes 
was exceedingly small. Among 5,000 general clinic admissions syphilitic disease 
of the nervous system was diagnosed in six Christians and two townsmen of the 
better class. All of these gave a history of venereal infection and presented the 
usual late pathology of venereal syphilis. Five relatively inconclusive cases of 
neurosyphilis were found among the Bedouins who had had bejel, though they 
far outnumbered the Christians, and exhibited nine times their syphilitic 
morbidity. 

In a series of thirteen bejel patients, twelve of whom were males, all of whom 
had strongly positive standard Kahn reactions of the blood, and most of whom 
had either early or late active and open lesions of bejel, the cerebrospinal fluid 
Kahn reaction was weakly positive in three, doubtfully positive in two, and 
negative in eight. The sugar was increased in one, the globulin in two, the 
cell count averaged something over 10 per c.mm., and the pupils, knee jerks 
and Romberg tests were normal. 

The conclusion to be drawn from these facts is that the syphilitic process 
extends to the nen’ous system in bejel, as it probably docs to all other organs 
of the body. Increases in sugar, globulin, and cells are indications of irritation, 
and the occasional positive Kahn reaction in the cerebrospinal fluid is further 
evidence of the presence of the disease. But the damage done by the spirochaete 
in the nerv'ous system does not apparently extend to the point where clinical 
symptoms of neurosyphilis are produced. 

Influence of Bejel upon the Second Generation. 

It is generally recognized that venereal syphilis may affect human propaga- 
tion at a number of points, viz., lessened fertility, increase of miscarriage, still- 
birth and neonatal death, and the production of the dystrophies of the congenitally 
(prenatally) acquired infection. On the other hand, it has not been known whether 
similar deleterious effects are produced upon the second generation by non- 
venereal syphilis acquired in childhood. Bejel gives some information upon this 
point (Hudson and Crosley, 1936a), as shown in Table III, summarizing 2,500 
parental reports. 

This table compares the three social groups, the Christians with a morbidity 
of 10 per cent, venereal syphilis, the townspeople with a' syphilitic morbidity 
of 35 per cent., mostly non-venereal, and the Bedouins with a morbidity of 90 
per cent, non-venereal syphilis. It is immediately apparent that there is no 
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BEJEL : ENDEMIC SYPHILIS. 



Fertility and child mortality are slightly greater in the Bedouins, and the incidence of miscarriage is lower; yet the syphilitic 
morbidity of the Bedouins is three times that of the townspeople and nine times that of the Christians. 
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marked difference between the three groups in spite of their great disparity 
in syphilitic morbidity. Fertility and child mortality are slightl}' greater in the 
Bedouins, and the incidence of miscarriage is definitely lower. The percentage 
of Bedouins reporting no miscarriage at all is higher than that of the other two 
groups. 

These are gross figures and include miscarriages and childhood deaths due 
to a multitude of causes. But if non-venereal syphilis were a causative factor 
of moment, it would certainly increase the miscarriage frequency rate and the 
childhood mortality rate in the townspeople who present three times the 
syphilitic incidence of the Christians, and in the Bedouins who present eight or 
nine times that of the Christians. 

As a matter of fact, the showing of the Bedouin community is even better 
than appears in the table. For the Christian cases of syphilis arc usually treated, 
those among the townspeople arc often treated, but those of the Bedouin com- 
munity rarely receive any treatment. In the second place, the health hazards 
run by the Bedouin child are much greater than those of the Christian child, 
and considerably greater than those of the town child. Again, the Bedouin 
women work hard throughout pregnancy, and are subjected to conditions 
of life much more conducive to miscarriage than those of the Christian or towns- 
women. 

It appears, therefore, that the Bedouin women, in spite of much less 
favourable environment and much heavier syphilitic morbidity, are more fertile, 
produce as many living children, and are less apt to miscarry, than the towns- 
women and the Christians, with their better housing, much higher economic 
level and access to treatment. One must conclude that a high syphilitic incidence 
does not necessarily produce a weak and degenerate stock, and that even a 90 per 
cent, morbidity of non-venereal syphilis is compatible with a high degree of 
racial virility and fertility. 

As to congenital or prenatal transmission of bejel, it is probable that the 
Bedouin child is usually born free of the disease, though both parents have had 
bejel previously and present positive Kahn reactions at the time of reproduction. 
The Bedouin child who has not yet had bejel does not have the facies or present 
the dystrophies of congenital syphilis. 

Infants and young children do not present the manifestations of bejel until 
they are handled* and fondled by older children who have open lesions of the 
disease. Kahn reactions are always negative before and positive after infection 
udth bejel. Bejel invades a family and strikes children of widely varying age at 
the same time ; its course may be traced from child to child through such a 
group. Instances are not rare of parents infected from their own children ; 
an “ early ” infection may appear in an individual quite advanced in age, and even 
in a grandparent. 

It is a recognized fact that the children of congenitally syphilitic parents 
are healthy in an overwhelming majority of cases. The evidence of bejel 
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supports the view that the same is true of the children of parents who have 
acquired their syphilitic infection in childhood. 

It is apparent that syphilis, when propagated under the epidemiological 
conditions characteristic of yaws, acts like yaws in sparing the second generation. 
Each generation, therefore, faces its own bejel infection, as each generation faces 
its own yaws. 

Serology of Bejel. 

As to the laboratory diagnosis of bejel, data have been secured by the use of 
the darkfield* (Hudson, 1936d), the standard Kahn reaction (Hudson, 1932 ; 
Hudson and Young, 1933), the presumptive Kahn reaction (Hudson, 1936c), 
and the-Kolmer-Wassermann reaction (Hudson, 1937a). Spirochaetes indis- 
tinguishable from T. pallidum were uniformly found with the darkfield apparatus 
in the lesions of fresh bejel infections. They were also found, but with more 
difficulty and less constantly, in the late lesions, and it was assumed that such 
late positive cases were illustrations of the phenomenon of relapse, an assumption 
which agreed with the clinical conditions. 

The standard Kahn reaction in the Deir-ez-Zor laboratory always gave 
about 60 per cent, positive reactions in any given Bedouin adult series, and this , 
was true whether the series consisted of patients or of presumably healthy non- 
patients. In a series of Bedouin sera which were sent to the laboratory of the 
American Hospital in Beirut, the standard Kahn positive percentage was the 
same. That laboratory also kindly carried out the Kolmer-Wassermann test 
on the same sera, and though there were ITS per cent, anti-complementary 
reactions, the reaction was positive in 45 per cent, of the series. 

In a carefully controlled analysis of 290 individuals, in whom the standard 
Kahn was negative or doubtful in all but eighteen, and in whom the presumptive 
Kahn reaction was positive in 130, it was shown that this more sensitive test 
revealed the presence of latent syphilis in a further proportion of the Bedouin 
community, estimated to be in the neighbourhood of 15 per cent. Adding this 
15 per cent, to the 60 per cent, revealed by the standard Kahn reaction makes a 
serologically positive percentage of 75 in the Bedouin community. 

This agrees roughly with the proportion of 75 per cent, who state that they 
have had bejel. If one eliminates the infants and children who have not yet had 
bejel, and adds the individuals who present syphilitic scars in spite of negative 
blood reactions and negative or uncertain histories, the proportion of syphilitic 
cases in adult Bedouins rises to over 90 per cent. 

Analysis of these various series shows that no adjustment of the percentages 
need be made to rule out the possible presence of falsely positive reactions due to 
conditions other than sj^philis, such as leprosy, malignant neoplastic disease, 
jaundice, pyrexia, pregnancy, malaria, or tuberculosis. 

*A darkfield apparatus was provided through the generosity of the Ella Sachs Plotz 
Foundation for the Advancement of Scientific Investigation. 
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Treatment of Bejel. (Hudson and Croslev, 1936b.) 

From the standpoint of treatment the Bedouin subject presents peculiar 
problems. In the first place, he often seems indi/Terent to the lesions of bejel. 
Most children are allowed to go through the early stage without treatment, 
and adults carry mutilating ulcerations for long periods apparently without 
complaint. Secondly, the Bedouin seminomad soon becomes restive under the 
conventions of the town and may make off for home at any time without warning. 
Thirdly, he often abandons treatment if he docs not immediately improve, 
or he infers from slight improvement that he is cured. Fourthly, the Arab 
has a hazy conception of all time intervals longer than the day and will not return 
regularly for treatment at intcr\’als greater than one day. Finally, engaged 
in a constant struggle against starvation, he cannot afford to pay much for 
treatment or remain long away from work. 

It is obvious that it is impossible to treat the bejel patient along the lines 
of modern antisyphilitic therapy. It is questionable, however, in view of the 
character of bejel, whether such treatment is necessary or even desirable. 

The objective of modern antisyphilitic therapy is the cure of the individual. 
In the case of an endemic treponematosis such as bejel, the objective should be 
the eradication of the disease in the comiminiiy. To gain this objective it is only 
necessary to prevent the occurrence of nezo cases, and this can be done by con- 
trolling the infectiousness of those of the old cases that have open lesions. 
This objective can be secured with bismuth alone, at low cost, without risk to the 
patient, and in a time schedule adapted to the temperament of the Arab. 

The situation demands one or more preparations of bismuth which are 
cheap, easily prepared, always ready for use, and not affected by exposure to 
heat and air ; preparations which can be given in daily injections ; which 
will give a perceptible improvement within 1 or 2 days ; which will be slowly 
enough absorbed to prolong the bismuth effect for some time after treatment 
is over ; and which will not give undesirable side-effects in nephritis and 
stomatitis. 

These desiderata are secured by the combined use of an aqueous solution 
of sodium bismuth tartrate, and a suspension of finely divided bismuth salicylate 
in a heavy bland oil. Each c.c. of the tartrate contains 5 eg. of metallic bismuth, 
and the bismuth metal content of the salicylate is 10 eg. per c.c. Injections 
of these two preparations are given alternately on successive days, using the 
gluteus and deltoid muscles in rotation, and patients can accept 75 eg. in 10 days 
or 1 gramme in 2 weeks. There have been no serious complications either 
in the mouth, in the kidneys, or at the site of the injections. 

Almost without exception the patients under this regime show subjective 
and objective improvement within one or two days, due to the spirillicidal 
activity of the quickly absorbed tartrate, and they continue to improve after dis- 
charge, as they slowly absorb bismuth from the salicylate deposits. 
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supports the view that the same is true of the children of parents who have 
acquired their syphilitic infection in childhood. 

It is apparent that syphilis, when propagated under the epidemiological 
conditions characteristic of yaws, acts like yaws in sparing the second generation. 
Each generation, therefore, faces its own bejel infection, as each generation faces 
its own yaws. 

Serology of Bejel. 

As to the laboratory diagnosis of bejel, data have been secured by the use of 
the darkfield* (Hudson, 1936d), the standard Kahn reaction (Hudson, 1932 ; 
Hudson and Young, 1933), the presumptive Kahn reaction (Hudson, 1936c), 
and the 'Kolmer-Wassermann reaction (Hudson, 1937a). Spirochaetes indis- 
tinguishable from T. pallidum were uniformly found with the darkfield apparatus 
in the lesions of fresh bejel infections. They were also found, but with more 
difficulty and less constantly, in the late lesions, and it was assumed that such 
late positive cases were illustrations of the phenomenon of relapse, an assumption 
which agreed with the clinical conditions. 

The standard Kahn reaction in the Deir-ez-Zor laboratory always gave 
about 60 per cent, positive reactions in any given Bedouin adult series, and this 
was true whether the series consisted of patients or of presumably healthy non- 
patients. In a series of Bedouin sera which were sent to the laboratory of the 
American Hospital in Beirut, the standard Kahn positive percentage was the 
same. That laboratory also kindly carried out the Kolmer-Wassermann test 
on the same sera, and though there were 11-5 per cent, anti-complementary 
reactions, the reaction was positive in 45 per cent, of the series. 

In a carefully controlled analysis of 290 individuals, in whom the standard 
Kahn was negative or doubtful in all but eighteen, and in whom the presumptive 
Kahn reaction was positive in 130, it was shown that this more sensitive test 
revealed the presence of latent syphilis in a further proportion of the Bedouin 
community, estimated to be in the neighbourhood of 15 per cent. Adding this 
15 per cent, to the 60 per cent, revealed by the standard Kahn reaction makes a 
serologically positive percentage of 75 in the Bedouin community. 

This agrees roughly with the proportion of 75 per cent, who state that they 
have had bejel. If one eliminates the infants and children who have not yet had 
bejel, and adds the individuals who present syphilitic scars in spite of negative 
blood reactions and negative or uncertain histories, the proportion of syphilitic 
cases in adult Bedouins rises to over 90 per cent. 

Analysis of these various series shows that no adjustment of the percentages 
need be made to rule out the possible presence of falsely positive reactions due to 
conditions other than syphilis, such as leprosy, malignant neoplastic disease, 
jaundice, pyrexia, pregnancy, malaria, or tuberculosis. 

*A darkfield apparatus was provided through the generosity of the Ella Sachs Plotz 
Foundation for the Advancement of Scientific Investigation. 
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Truatment of Bejel. (Hudson and Croslev, ]936b.) 

From the standpoint of trcatincnt the Bedouin subject presents peculiar 
problems. In the first place, he often seems indifferent to the lesions of bejel. 
Most children arc allowed to go through the early stage without treatment, 
and adults carr}' mutilating ulcerations for long periods apparently without 
complaint. Secondly, the Bedouin seminomad soon becomes restive under the 
conventions of the town and may make off for home at any time without warning. 
Thirdly, he often abandons treatment if he does not immediately improve, 
or he infers from slight improvement that he is cured. Fourthly, the Arab 
has a hazy conception of all time intervals longer than the day and will not return 
regularly for treatment at inter\'als greater than one day. Finally, engaged 
in a constant struggle against star\'ation, he cannot afford to pay much for 
treatment or remain long away from work. 

It is obvious that it is impossible to treat the bejel patient along the lines 
of modern antis 3 ’philitic therapy. It is questionable, however, in view of the 
character of bejel, whether such treatment is necessary or even desirable. 

The objective of modern antisyphilitic therapy is the cure of the individual. 
In the case of an endemic treponcmatosis such as bejel, the objective should be 
the eradication of the disease in the community. To gain this objective it is only 
necessary to prevent the occurrence of nezo cases, and this can be done by con- 
trolling the infectiousness of those of the old cases that have open lesions. 
This objective can be secured with bismuth alone, at low cost, without risk to the 
patient, and in a time schedule adapted to the temperament of the Arab. 

The situation demands one or more preparations of bismuth which are 
cheap, easily prepared, always ready for use, and not affected by exposure to 
heat and air ; preparations which can be given in daily injections ; which 
will give a perceptible improvement within 1 or 2 days ; which will be slowly 
enough absorbed to prolong the bismuth effect for some time after treatment 
is over ; and which will not give undesirable side-effects in nephritis and 
stomatitis. 

These desiderata are secured by the combined use of an aqueous solution 
of sodium bismuth tartrate, and a suspension of finely divided bismuth salicylate 
in a heavy bland oil. Each c.c. of the tartrate contains 5 eg. of metallic bismuth, 
and the bismuth metal content of the salicylate is 10 eg. per c.c. Injections 
of these two preparations are given alternately on successive days, using the 
gluteus and deltoid muscles in rotation, and patients can accept 75 eg. in 10 days 
or 1 gramme in 2 weeks. There have been no serious complications either 
in the mouth, in the kidneys, or at the site of the injections. 

Almost without exception the patients under this regime show subjective 
and objective improvement within one or two days, due to the spirillicidal 
activity of the quickly absorbed tartrate, and they continue to improve after dis- 
charge, as they slowly absorb bismuth from the salicylate deposits. 
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supports the view that the same is true of the children of parents who have 
acquired their syphilitic infection in childhood. 

It is apparent that syphilis, when propagated under the epidemiological 
conditions characteristic of yaw$, acts like yaws in sparing the second generation. 
Each generation, therefore, faces its own bejel infection, as each generation faces 
its own yaws. 

Serology of Bejel. 

As to the laboratory diagnosis of bejel, data have been secured by the use of 
the darkfield* (Hudson, 1936d), the standard Kahn reaction (Hudson, 1932 ; 
Hudson and Young, 1933), the presumptive Kahn reaction (Hudson, 1936c), 
and the ' Kolmer-Wassermann reaction (Hudson, 1937a). Spirochaetes indis- 
tinguishable from T. pallidum were uniformly found with the darkfield apparatus 
in the lesions of fresh bejel infections. They were also found, but with more 
difficulty and less constantly, in the late lesions, and it was assumed that such 
late positive cases were illustrations of the phenomenon of relapse, an assumption 
which agreed with the clinical conditions. 

The standard Kahn reaction in the Deir-ez-Zor laboratory always gave 
about 60 per cent, positive reactions in any given Bedouin adult series, and this 
was true whether the series consisted of patients or of presumably healthy non- 
patients. In a series of Bedouin sera which were sent to the laboratory of the 
American Hospital in Beirut, the standard Kahn positive percentage was the 
same. That laboratory also kindly carried out the Kolmer-Wassermann test 
on the same sera, and though there were 11-5 per cent, anti- complementary 
reactions, the reaction was positive in 45 per cent, of the series. 

In a carefully controlled analysis of 290 individuals, in whom the standard 
Kahn was negative or doubtful in all but eighteen, and in whom the presumptive 
Kahn reaction was positive in 130, it was shown that this more sensitive test 
revealed the presence of latent syphilis in a further proportion of the Bedouin 
community, estimated to be in the neighbourhood of 15 per cent. Adding this 
15 per cent, to the 60 per cent, revealed by the standard Kahn reaction makes a 
serologically positive percentage of 75 in the Bedouin community. 

This agrees roughly with the proportion of 75 per cent, who state that they 
have had bejel. If one eliminates the infants and children who have not yet had 
bejel, and adds the individuals who present syphilitic scars in spite of negative 
blood reactions and negative or uncertain histories, the proportion of syphilitic 
cases in adult Bedouins rises to over 90 per cent. 

Analysis of these various series shows that no adjustment of the percentages 
need be made to rule out the possible presence of falsely positive reactions due to 
conditions other than syphilis, such as leprosy, malignant neoplastic disease, 
jaundice, pyrexia, pregnancy, malaria, or tuberculosis. 

*A darkfield apparatus was provided through the generosity of the Ella Sachs Plotz 
Foundation for the Advancement of Scientific Investigation. 
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Treatment of Bejel. (Mud.son and Croslev, 1936b.) 

From the standpoint of treatment the Bedouin subject presents peculiar 
problems. In the first place, he often seems indifferent to the lesions of bejel. 
Most children arc allowed to go through the early stage without trc.itment, 
and adults carry mutilating ulcerations for long periods apparently without 
complaint. Secondly, the Bedouin seminomad soon becomes restive under the 
conventions of the town and may make off for home at any time without warning. 
Thirdly, he often abandons treatment if he docs not immediately improve, 
or he infers from slight improvement th.at he is cured. Fourthly, the Arab 
has a hazy conception of all time intervals longer than the day and will not return 
regularly for treatment at intervals greater than one day. Finally, engaged 
in a constant struggle against starvation, he cannot afford to pay much for 
treatment or remain long away from work. 

It is obvious that it is impossible to treat the bejel patient along the lines 
of modern antisyphilitic therapy. It is questionable, however, in view of the 
character of bejel, whether such treatment is necessary' or even desirable. 

The objective of modern antisyphilitic therapy is the cure of the individual. 
In the case of an endemic treponematosis such as bejel, the objective should be 
the eradication of the disease in the community. To gain this objective it is only 
necessary to prevent the occurrence of neio cases, and this can be done by' con- 
trolling the infectiousness of those of the old cases that have open lesions. 
This objective can be secured with bismuth alone, at low cost, without risk to the 
patient, and in a time schedule adapted to the temperament of the Arab. 

The situation demands one or more preparations of bismuth which are 
cheap, easily prepared, always ready for use, and not affected by exposure to 
heat and air ; preparations which can be given in daily' injections ; which 
will give a perceptible improvement within 1 or 2 days ; which will be slowly 
enough absorbed to prolong the bismuth effect for some time after treatment 
is over ; and which will not give undesirable side-effects in nephritis and 
stomatitis. 

These desiderata are secured by the combined use of an aqueous solution 
of sodium bismuth tartrate, and a suspension of finely divided bismuth salicylate 
in a heavy' bland oil. Each c.c. of the tartrate contains 5 eg. of metallic bismuth, 
and the bismuth metal content of the salicylate is 10 eg. per c.c. Injections 
of these two preparations are given alternately on successive days, using the 
gluteus and deltoid muscles in rotation, and patients can accept 75 eg. in 10 days 
or 1 gramme in 2 weeks. There have been no serious complications either 
in the mouth, in the kidneys, or at the site of the injections. 

Almost without exception the patients under this regime show subjective 
and objective improvement within one or two days, due to the spirillicidal 
activity of the quickly absorbed tartrate, and they continue to improve after dis- 
eharge, as they slowly absorb bismuth from the salicylate deposits. 
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Of 1,000 bejel patients treated in this fashion, receiving an average of 
75 eg. of the metal, the lesions of 28 per cent, were completely healed, and a 
further 49 per cent, were improved. The result was unknown in 13 per cent, 
and 10 per cent, were not changed. 

The short intensive course of bismuth seldom reverses the positive Kahn 
reaction, and often makes it stronger. Occasionally, patients healed with 
bismuth have recurrences of bejel lesions. This not unexpected finding presents 
no difficulty, as healing is again secured with more bismuth. 

The success of this type of treatment must be judged in the light of its 
objective. If the objective is control of infectiousness, then it is obviously 
effective, for it heals early, late, and recurrent lesions. If pursued for a period 
over a given area of population it must reduce greatly the incidence of bejel, 
merely by healing open lesions and preventing the formation of new cases. 
The short intensive course of bismuth is especiallj’^ effective against mucocutane- 
ous eruptions, and ulcers of the pharynx. These are the most common early and 
late lesions, respectively, and the lesions from which the spirochaetes are dis- 
seminated in greatest abundance. 

The records show that the average length of time spent under treatment, 
and the average number of injections submitted to, increased steadily throughout 
the 4 years’ trial of this treatment, a testimony on the part of the Bedouin 
community to the acceptability and efficacy of this schedule. It should be 
noted that attendance at the clinic was purely voluntary, and no treatment was 
given entirely gratis. 

The Arabs themselves try to control the early lesions of bejel with the use 
of blue copperas, touching the sores with copper sulphate crystals in mediaeval 
fashion. They have also used mercury inhalations from time immemorial, 
and found it of great benefit in spite of the fact that the teeth sometimes loosen 
and fall out subsequently. But mercury, even with modern methods, is not suit- 
able because the margin between its therapeutic and its toxic doses is too narrow. 

The fact that the arsphenamines should be given at intervals of several 
days, in uninterrupted and unabbreviated series, makes them also unsuitable ; 
for the Bedouin patient will not and cannot give the necessary co-operation. 
When they are used, the patient receives one or more series of subcurative 
doses which are progressively ineffective, unsound pharmacologically, and not 
without risk to the patient. 

Bismuth is a more active spirillicide than mercury and has a much wider 
margin between therapeutic and toxic dosage. It is a weaker spirillicide than 
arsenic in the form of arsphenamine, but it has the advantage of prolonged effect, 
and the power of stimulating the. natural defensive mechanisms of the body. 
Bismuth is more suitable for the capricious primitive patient, because if he 
abandons treatment early — as he often does — he has not been harmed, nor has 
the success of possible later treatment been prejudiced. This is not true of 
treatment with the arsenicals. 
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In the mass treatment of bejel, the childhood reservoir of the disease should 
be attacked by searching out and treating all fresh cases ; and sporadic cases of 
relapse or gummatous ulceration in late cases should be constantly sought for 
and brought quickly under treatment. Working from these two angles, the 
infection which is already present can be “ sealed up,” and the disease eventually 
eliminated by prevention of new cases in the child population. 

It should be the aim of medical administrators to carry out the mass 
treatment of primitive peoples with the least dislocation of native life and usages. 
Experience with the short course of bismuth in the treatment of bejel shows that 
by this method the disease can be wiped out without changing in any respect 
the social and moral sanctions of the Arab village communities. 

For mass treatment of native peoples of all ages — many of them children — 
under unavoidable conditions of heat, insects, and general uncleanliness, intra- 
muscular injections of bismuth are obviously suitable, on grounds of simplicity 
of administration, low toxicity and clinical effectiveness ; and they have the 
further real advantage of very low cost. 

Four points in regard to bejel merit recapitulation : (1) That bejel is a 
treponematosis is established by the character of its early and late lesions, the 
quality of latency, the uniform presence of a spirochaete indistinguishable 
from T. pallidum, the positive precipitation and complement fixation reactions, 
and the favourable response to antispirochaetal drugs. (2) Bejel is acquired 
in childhood or early in adult life. (3) It is a non-venereal disease, not linked 
with sexual intercourse. (4) It is found in both sexes and all ages, and to the 
same degree in the sick and in the presumably well components of the popula- 
tion ; it is so common in the seminomad Bedouin communities as to be well- 
nigh universal. 


The Signific.wce of Bejel. 

Four features of significance emerge from a consideration of bejel : — 

(1) The Relation of"' Bejel ” to Disease Nomenclature. 

If the present writer is correct in assuming that the aetiological agent of 
bejel is T. pallidum, and if it is granted that all pathological manifestations of 
T. pallidum are to be called syphilis, then it follows that bejel is syphilis. But bejel 
is so different from venereally acquired syphilis in epidemiology, clinical course, 
and apparent pathology, that there is justification for the introduction of the 
native name of the disease into the literature. This avoids the cumbersome 
and inadequate qualifying and descriptive terms which have been used else- 
where, such as native, indigenous, primitive, rural, tropical, colonial, untreated, 
childhood-acquired, extragenital, non-venereal, mucocutaneous, endemic and 
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Of 1,000 bej'el patients treated in this fashion, receiving an average of 
75 eg. of the metal, the lesions of 28 per cent, were completely healed, and a 
further 49 per cent, were improved. The result was unknown in 13 per cent, 
and 10 per cent, were not changed. 

The short intensive course of bismuth seldom reverses the positive Kahn 
reaction, and often makes it stronger. Occasionally, patients healed with 
bismuth have recurrences of bejel lesions. This not unexpected finding presents 
no difficulty, as healing is again secured with more bismuth. 

The success of this type of treatment must be judged in the light of its 
objective. If the objective is control of infectiousness, then it is obviously 
effective, for it heals early, late, and recurrent lesions. If pursued for a period 
over a given area of population it must reduce greatly the incidence of bejel, 
merely by healing open lesions and preventing the formation of new cases. 
The short intensive course of bismuth is especially effective against mucocutane- 
ous eruptions, and ulcers of the pharynx. These are the most common early and 
late lesions, respectively, and the lesions from which the spirochaetes are dis- 
seminated in greatest abundance. 

The records show that the average length of time spent under treatment, 
and the average number of injections submitted to, increased steadily throughout 
the 4 years’ trial of this treatment, a testimony on the part of the Bedouin 
community to the acceptability and efficacy of this schedule. It should be 
noted that attendance at the clinic was purely voluntarj’’, and no treatment was 
given entirely gratis. 

The Arabs themselves try to control the early lesions of bejel with the use 
of blue copperas, touching the sores with copper sulphate crystals in mediaeval 
fashion. They have also used mercury inhalations from time immemorial, 
and found it of great benefit in spite of the fact that the teeth sometimes loosen 
and fall out subsequently. But mercury, even with modern methods, is not suit- 
able because the margin between its therapeutic and its toxic doses is too narrow. 

The fact that the arsphenamines should be given at intervals of several 
days, in uninterrupted and unabbreviated series, makes them also unsuitable ; 
for the Bedouin patient will not and cannot give the necessary co-operation. 
When they are used, the patient receives one or more series of subcurative 
doses which are progressively ineffective, unsound pharmacologically, and not 
without risk to the patient. 

Bismuth is a more active spirillicide than mercury and has a much wider 
margin between therapeutic and toxic dosage. It is a weaker spirillicide than 
arsenic in the form of arsphenamine, but it has the advantage of prolonged effect, 
and the power of stimulating the. natural defensive mechanisms of the body. 
Bismuth is more suitable for the capricious primitive patient, because if he 
abandons treatment early — as he often does — he has not been harmed, nor has 
the success of possible later treatment been prejudiced. This is not true of 
treatment with the arsenicals. 
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In the mass treatment of bejel, the childhood reservoir of the disease should 
be attacked by searching out and treating all fresh cases ; and sporadic cases of 
relapse or gummatous ulceration in late cases should be constantly sought for 
and brought quickly under treatment. Working from these two angles, the 
infection which is already present can be “ sealed up,” and the disease eventually 
eliminated by prevention of new cases in the child population. 

It should be the aim of medical administrators to carry out the mass 
treatment of primitive peoples with the least dislocation of native life and usages. 
Experience with the short course of bismuth in the treatment of bejel shows that 
by this method the disease can be wiped out without changing in any respect 
the social and moral sanctions of the Arab village communities. 

For mass treatment of native peoples of all ages — many of them children — 
under unavoidable conditions of heat, insects, and general unclcanliness, intra- 
muscular injections of bismuth are obviously suitable, on grounds of simplicity 
of administration, low toxicity and clinical effectiveness ; and they have the 
further real advantage of very low cost. 

Four points in regard to bejel merit recapitulation : (1) That bejel is a 
treponematosis is established by the character of its early and late lesions, the 
quality of latency, the uniform presence of a spirochaete indistinguishable 
from T. pallidum, the positive precipitation and complement fixation reactions, 
and the favourable response to antispirochaetal drugs. (2) Bejel is acquired 
in childhood or early in adult life. (3) It is a non-venereal disease, not linked 
with sexual intercourse. (4) It is found in both sexes and all ages, and to the 
same degree in the sick and in the presumably well components of the popula- 
tion ; it is so common in the seminomad Bedouin communities as to be well- 
nigh universal. 


The Significance of Bejel. 

Four features of significance emerge from a consideration of bejel : — 

(1) The Relation of" Bejel ” to Disease Nomenclature. 

If the present writer is correct in assuming that the aetiological agent of 
bejel is T. pallidum, and if it is granted that all pathological manifestations of 
T. pallidum are to be called syphilis, then it follows that bejel is syphilis. But bejel 
is so different from venereally acquired syphilis in epidemiology, clinical course, 
and apparent pathology, that there is justification for the introduction of the 
native name of the disease into the literature. This avoids the cumbersome 
and inadequate qualifying and descriptive terms which have been used else- 
where, such as native, indigenous, primitive, rural, tropical, colonial, untreated, 
childhood-acquired, extragenital, non-venereal, mucocutaneous, endemic and 
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pandemic. There is precedent for the introduction of a native word ; in the 
18th centuiy the African word “ yaws ” was used to designate the tropical 
treponematosis of that region. 

A major contribution which bejel makes to the knowledge of syphilis is its 
delineation for the first time of syphilis biologically unrestrained, and free from 
the venereal factor. There is undoubtedly a great amount of the bejel type of 
syphilis in the world, and fragmentary references to it have appeared in the 
medical literature from time to time ; but only on the Euphrates has it been 
possible thus far to study the activities of the spirochaete free from venereal 
epidemiology, and in an area far from the endemic regions of yaws. Bejel is 
therefore the prototype of non-venereal syphilis, a clinical entity, susceptible 
of study and worthy of a distinctive appellation. The word “ bejel ” is intro- 
duced into medical literature not to confuse, but to clarify thought in regard to 
spirochaetal disease. 

(2) The Relation of Bejel to Yaws and Syphilis. 

Bejel is of significance in the discussion as to the identity or duality of the 
treponematous diseases, yaws and syphilis. In the first and third columns 
of the accompanying differential table a well-known textbook is quoted verbatim 
(Manson-B.^hr, 1935). Bejel has been inserted in the second column, and it is 
immediately apparent that it occupies an intermediate position between the other 
two diseases, with possibly a tendency to resemble yaws rather than syphilis. 

Bejel resembles yaws in non-venereal childhood-acquisition, community- 
wide dissemination, high diagnostic value of the patient’s own statement regarding 
infection, absence of congenital transmission, morphology of the skin lesions, 
relative escape of the eyes, the cardiovascular system, the central nervous system, 
and the viscera, the lack of constitutional disturbance, the lack of infantile 
dystrophies, the failure to impair fertility and virility, and the presence of gangosa, 
juxta-articular nodules, and patchy depigmentations. Both bejel and yaws 
tend to disappear rapidly when brought into contact with civilizing influences. 
In both, the objective of treatment and the problems of treatment are the same; 
and, in both, bismuth is the drug of choice. 

On the other hand, bejel resembles syphilis in its constant involvement 
of the mucous membrane in the early stage, in the occasional finding of alopecia, 
in many of its general pathological aspects, and in its extra-tropical geographical 
location. In general, there is no clear-cut differential either between bejel and 
yaws, or between bejel and syphilis. 

LacapeRE (1923) has described the Arab syphilis of Morocco, showing how 
greatly it differs from western syphilis ; Blacklock (1932) has pointed out 
that the descriptions of yaws in Ceylon and the West Indies do not fully corre- 
spond ; Wilson (1934) states that the yaws he has seen in Panama is much less 
virulent than that which he has seen in Haiti ; Ramsay (1925) observed that the 



r.LLIS H. HUDSON. 


27 


DiiiranNTiAL TAnur. 


Yaws.* 

Bejel. 

Syphili.s.* 

Not conpcnital 

Resembles yaws 

Congenital. 

Primary sore — 

Extra ijenital 

Rcsenibles yaws 

Usually genital. 

Secondary stage — 

(o) Typical yaws pathogno- 

(a) Frequently resembles 

(a) Seldom imitates framboc- 

monic ; furfuraccous de- 

ynws 

sin. 

squamation and plantar 
lesions characteristic 

(b) Mucous membranes not 

(b) Mucous membranes 

(b) Mucous membranes 

affected 

always affected 

affected. 

(<•) Itching common 

(c) Resembles yaws 

(c) Itching rare. 

(d) Alopecia unknown 

(d) Resembles syphilis 

(d) Alopecia may occur. 

(e) Eyes unaffected 

(c) Resembles yaws 

(r) Iritis common ; choroidi- 

Tertiary stage — 


tis and retinitis rare. 

(a) Visceral lesions absent 

(a) Resembles y.aws 

(a) Visceral lesions occur, 

(6) Nervous system not 

(i) Resembles yaws 

i.c., pericellular cirrhosis, gum- 
ma of liver, kidney, etc. 

(b) Nerx’ous system prone 

usually affected 


to infection ; tabes, G.P.I. 

(c) C.S. fluid always nega- 

(c) C.S. fluid often posi- 

(c) C.S. fluid usually positive 

tive Wassennann 

tive Wassermann 

Wassermann. 

(d) Blood vessels : no 

(d) Probably resembles 

(d) Endarteritis obliterans of 

endothelial proliferation as 

yaws 

viscera-cerebral thrombosis. 

in syphilis 



Yaws better resisted. Consti- 

Certainly resembles yaws 

Syphilis attacks constitution. 

tutional disturbance slight ; 


affecting the vital structures. 

great exuberance of eruption 



and cheloid scarring 



Does not respond to mercur>' 

Responds to mercury 

Responds well to mercury 

Gangosa, juxta-articular no- 

Resembles yaws 

All three rare. 

dules, and patchy depigmen- 
tations not rare 

1 

; t 


*The columns headed Yaws and Syphilis are taken from A^anson's Tropical Diseases ; but 
the present witer is responsible for the additional symptoms referred to below the dotted lines, 
and for the whole of the centre column (Bejel). 
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yaws lesions of natives in the hills differed from those of the same people when 
dwelling on the plains. There are doubtless many environmental factors 
involved, such as native practices, native diet, atmospheric humidity, rainfall, 
mean temperature, elevation, insects, amount of clothing, degree of treatment. 
None of these epidemiological and ecological factors has yet been evaluated 
in relation to treponematosis, and throughout the world there are all variations 
of these “ unknowns,” producing an infinite number of combinations. 

One gets the impression, therefore, that differences between the various 
forms of treponematosis may be quantitative rather than qualitative, of degree 
rather than of kind ; that these differences might be explained on epidemiological 
grounds if the influence of all environmental factors were given full value. One 
might tentatively construct a spectrum with venereal syphilis at one pole, followed 
by Moroccan syphilis, then bejel in an intermediate position, followed by the 
more severe yaws types, and ending with yaws seen in its mildest form. 

But the pathology of bejel has not been studied ; the pathology of yaws is 
confused in many respects ; and we do not know certainly how far syphilitic 
pathology can be modified by changed epidemiological conditions. Ecto- and 
meso-dermotropisms have no place in the differentiation of syphilis and yaws 
if bejel is due to T. pallidum, for the treponema of bejel is apparently as ecto- 
dermotropic as the treponema of yaws. 

At the present stage of knowledge it is equally rational to take either of two 
views. One may emphasize the similarity of bejel to venereal syphilis,, and con- 
clude that no matter how closely epidemiological conditions may approximate 
syphilis to yaws, syphilis still remains syphilis and does not cross the dividing 
line into yaws. Or one may emphasize the similarity of bejel to yaws, and 
conclude that when the epidemiological conditions of syphilis approach those of 
yaws, the character of the resulting disease is such that it cannot reasonably be 
distinguished from yaws. 

The issue may be stated : Is there a specific biological difference between the 
treponemata of syphilis and yaws, or can their differences be explained on the 
basis of their respective epidemiologies ? Bejel does not offer crucial evidence 
in favour of either view, but it does make a major contribution to the discussion 
to this extent, that it demonstrates conclusively that the more syphilis resembles 
yaws in epidemiology, the more it resembles yaws clinically. Some will accept 
this as conclusive evidence of biological identity. Others — among whom is the 
present writer — will consider bejel a strong argument for the unity of the two 
diseases, but will continue for the present to consider the question not proven, 
pending further study particularly in the fields of epidemiology, pathology and 
animal experimentation. 

I shall, therefore, for the present continue to maintain the position I adopted 
in this speculative field 9 years ago in describing bejel as a spirochaetal disease 
due to T. pallidum, a variant of the syphilis-yaws treponematosis. 
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(3) The Rcloiiou of Bejel io the History of Syphilis. 

Bejel is significant from the standpoint of medical history. As it exists 
to-day in the Euphrates Arab, it has the biological character of an ancient disease. 
The Arab and the spirochaete live in equilibrium with each other, the host- 
parasite relationship is balanced, so that the life of the host is not cut short, 
nor his progeny blasted prenatally. Whether this is due to attenuation of the 
treponema through numerous free passages from host to host without any 
intei^-ention of treatment, or whether it is the result of an acquired racial resistance, 
or whether it is due to a combination of both factors, it is impossible to say. 
In any case, the result could only be secured in the course of many generations, 
even centuries. There is every reason to assume that bejel is an ancient disease 
of the Bedouins, and no reason to suppose that it is a disease of recent origin. 

Beyond this point, speculation on the origin of bejel takes one of two 
directions. If one assumes that treponematous disease of man originated 
in humid tropical jungles, then bejel may be an intermediate stage in the 
evolution of the disease in its march north to become the syphilis of the civilized 
world. There has always been commerce and slave trading from central Africa 
and Abyssinia across the Red Sea into Arabia. One would then assume that 
bejel has been modified toward the “ syphilis pole ” by climatic and other 
epidemiological conditions. 

On the other hand, if one assumes the American origin of syphilis, then 
bejel may have gravitated through centuries under the influence of social and 
climatic conditions from a venereal to a childhood disease, greatly resembling 
yaws. Either assumption depends for its force upon the power of environmental 
factors to make profound changes in the clinical character of a disease. But 
whatever responsibility for European syphilis may finally be laid upon the 
shoulders of Columbus’s sailors, the present writer finds it difficult to see how 
they could have had anything to do with the introduction of bejel to the 
Euphrates. 

The medical historian, puzzled by the absence in ancient medical literature 
of any clear reference to a disease corresponding to modern syphilis, is inclined to 
believe that the disease must have been absent. But the ancient world was pre- 
dominantly rural ; the majority of its inhabitants probably lived under conditions 
comparable to those of the Euphrates Arab to-day. It may be, therefore, that 
the Bedouins are presenting a contemporary picture of syphilis as it existed 
in ancient times — non-venereal, acquired in childhood, untreated, and dis- 
seminated throughout the community. Periods of great sexual licence would 
then be possible without carrying the dissemination of syphilis in their train. 
Syphilis would then be lost in the confusion of childhood exanthemata, and the 
later manifestations — ^unrelated to the early infection, and more or less self- 
limited — would be lumped with sore throats, skin ulcers and rheumatic bone 
pains. 
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If to-day a medical historian were to examine a modern Euphrates village, 
his search for venereal histories and lesions, and for the visceral pathology which 
he associates with venereal syphilis, would be unrewarded, though 75 per cent, 
of its inhabitants have positive serological reactions and say they have had the 
disease, and surveys show that 90 per cent, of the adults are syphilitic. A 
search for a condition resembling bejel might profitably be made in the ancient 
medical literature of childhood disease. 

(4) Bejel the Archetype of Syphilis. 

Lastly, bejel is of significance in a consideration of the biological interaction 
between T. pallidum and the human race. It is apparent that in bejel the 
treponema is allowed to go its own way, unrestrained by human intervention. 
It is, therefore, the original and pure form of the disease. To achieve success 
as a parasite the spirochaete must employ every possible route to get itself trans- 
ferred from one human body to another. In a dirty, careless, poorly-clad, 
closely huddled and untreated population, the facilities for making this transfer 
are innumerable, especially among the children. Syphilis under these 
circumstances is a childhood infection, and this fact undoubtedly affects the 
immunological course of the disease. 

A disease passed freely through many generations of children will not 
only develop a peculiar immunology, but will eventually develop a peculiar 
pathology, tending always to a greater degree of mildness, and striking less and 
less at the vital organs of the host. Something akin to domestication takes place 
in the parasite ; there is no opportunity for a violent swing in the host-parasite 
relationship which would lead to crippling or death of the host ; there is no 
intruding factor to “ step-up ” the virulence of the parasite. The host responds 
generously to the invasion of the parasite, with a florid eruption which bespeaks 
a pre-existing receptive immunological state, and it has long been recognized 
that the skin is a fertile source of antibodies. 

The host suppresses the spirochaete in the course of a j'^ear, and parasite 
and host exist in apparent harmony for years — perhaps for life. Only when 
trauma, or some other accidental factor subsequently intrudes does the disease 
manifest itself again. Each time this occurs, there is a renewal of the parasite- 
tissue struggle, which may waver in favour of one or the other for a while, but 
eventually ends in healing and the production of a scar. Scarring indicates that 
the host has again prevailed and redressed the balance. 

When the spirochaete has unlimited opportunities to get across from body to 
body it is a childhood disease. But civilized man has narrowed down the field 
of opportunity by creating barrier after barrier — shoes and clothes, soap and 
water, segregation of the family within the house, isolation and treatment of the 
sick. In fact, in civilized life the spirochaete with rare exceptions has been cut 
off from all but one avenue of sufficiently close bodily contact to allow transfer. 

Syphilis has, therefore, lost its primordial character of childhood disease 
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and has become a venerea! disease. Its venereal character is not the result of 
some meclianism or tropism in the syphilis germ itself, but of the restraining 
circumstances — the epidemiology — ^which civilization has thrown about its 
activities. Venereal syphilis is, therefore, an artefact erected by civilization 
upon the base of the childhood bejel type of syphilis. It is a specialized type of 
syphilis, the outgrowth of a special and more or less artificial set of environmental 
factors. 

In the epidemiology of venereal sj'philis there enter several factors which 
modify first its immunology and then its pathology. In the first place, instead 
of being acquired in early life it enters the individual when the organs 
are already formed ; the immunological response of a fully matured body 
is different, the phj’sical and mental stresses and strains and the intercurrent 
infections of mature life enter the equation. In venereal syphilis the female 
acquires the disease at the period of reproductive activity, and congenital 
transmission, infection of the foetus, miscarriage and stillbirth are made possible. 
The visceral patholog)- and the likelihood of prenatal infection stem directly, 
therefore, from the epidemiological fact of venereal transmission of the spiro- 
chaete. Treatment in civilized life also comes in to change the course of the 
disease, inadequate or unsystematic treatment being especially productive of 
disastrous results. The infection in a civilized country reaches only a small 
percentage of the population ; the spirochaete does not tend to become attenuated, 
nor is there opportunity for the development of a racial immunity. In fact, 
the net result of the impact of civilization upon syphilis is to step up the virulence 
of the disease. 

The following question has been raised by several writers : Is it wise to 
clear up yaws in a native people when the eha'nces are that the mueh more 
serious venereal syphilis will be introduced in its place ? 

In the opinion of the present writer, the question is beside the point. If 
a eertain primitive people were taught to live in civilized fashion, they would lose 
their yaws anyway, and their syphilis would be venereal. If the people 
were left unchanged in their primitive habits, but cleansed of their yaws, and if 
venereal syphilis were subsequently introduced, the venereal syphilis would 
in the course of time assume the relatively benign characters of bejel. 

Summary. 

1, The settled population of the Middle Euphrates valley comprises 5,000 
Christians, 50,000 townspeople, and 145,000 seminomad Bedouin villagers. 

A desert barrier effectually isolated this region in the past, and communication 
with the outside world is still difficult. Social and economic barriers separate 
the three groups from each other. 

2. Venereal practices and diseases are found only among Christians and 
townspeople. That they are not found among Bedouins is due to economic 
and social rather than moral factors. 
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3. Syphilis is the most common disease of the region, and it appears in 
two forms, franghi which is venereally acquired, and bejel which is acquired 
in childhood. Franghi — comparable in all respects to western syphilis — 
is found among Christians and townspeople, bejel among townspeople and 
Bedouins. 

Seventy-five per cent, of the adult Bedouin villagers say they have had 
bejel, and from a consideration of the histories, the positive serological reactions, 
and the syphilitic lesions and scars, it is permissible to conclude that over 90 per 
cent, of the adult Bedouins are syphilitic. 

4. Bejel is highly contagious and is usually contracted by and from children. 
It is an afebrile malady with little effect upon the general constitution. It 
exhibits mucocutaneous and periosteal lesions in the early cases, which may 
persist for a year ; after a latent period which may last for many years, late 
lesions appear in most individuals, in the form of mucocutaneous relapse or 
gummata of the skin and the nasal and long bones. Juxta-articular nodules, 
plantar hyperkeratoses, depigmentations, and alopecia may be found in late cases. 
The nervous and cardiovascular systems and the viscera escape serious damage. 

5. The children of parents who have had bejel — like the children of 
congenitally syphilitic parents — usually escape prenatal infection, and the 
dystrophies of congenital syphilis are absent. Bejel does not decrease fertility 
nor increase the rate of miscarriage ; the child mortality rate is not increased. 

6. Spirochaetes of the characteristic morphology and motility of Treponema 
pallidum are found constantly and abundantly in the lesions of freshljf acquired 
bejel, and in the late cases of mucocutaneous relapse. 

Bejel is uniformly accompanied by positive precipitation and complement 
fixation reactions of the blood ; 75 per cent, of adult Bedouins have positive 
serological reactions. 

7. Bejel as it exists in the childhood reservoir is usually untreated, and 
passes without restraint from child to child or child to adult. It is, therefore, 
a biologically free disease, unrestricted by any barrier, unmodified by any 
treatment, and favoured by general crowding and uncleanliness. 

Cure of the individual bejel patient is not a practical objective. The 
therapeutic objective in this endemic syphilis should be not individual cure, 
but prevention of new cases in the community. This can be done by healing 
the open lesions — abolishing the infectiousness — of the cases already present. 
This objective can be secured with bismuth alone at low cost, without risk to the 
patient, and in a time schedule adapted to the temperament of the Arab. 
Bismuth is less toxic and more effective than mercury ; it is more suitable 
to the conditions of bejel than the arsenicals, and also easier of administration, 
less hazardous and much cheaper. 

8. There is undoubtedly much syphilis of the bejel type in the world, but 
it has often been confused with venereally acquired syphilis or with yaws. Purely 
non-venereal, acquired in childhood and free from admixture with either 
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venereal syphilis or yaws, bejel is a clinical entity meriting the retention of its 
distinctive name. 

9. Bejel occupies in many respects an intermediate position between 
syphilis and yaws, and demonstrates that the more .syphilis resembles yaws 
in epidemiology, the more it resembles yaws clinically. At the present stage of 
knowledge bejel offers suggestive but not conclusive evidence in favour of the 
identity of syphilis and yaws. 

10. Bejel has the character of an ancient disease ; the two hypotheses of 
its origin arc considered. It may be that .syphilis of ancient times was like 
modern bejel, in which ease the search for references to venereal syphilis in 
ancient medical literature is beside the point. References to a disease resembling 
bejel might be found among the ancient descriptions of childhood exanthemata. 

11. The view is advanced that bejel is the archetype of .syphilis. It is 
suggested that the similar immunology and pathology of bejel and yaws stem 
from their non-vencreal epidemiology. It may be that the urban portion of 
the human race, by imposing a venereal epidemiology' upon the spirochaete, 
has changed the clinical course and the pathology of .syphilis, producing in 
civilized countries a far more serious disease than the original .syphilis of rural 
children. 
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Discussion. 

Prof. D. B. Blacklock : I should first like, if I may be permitted to 
do so, to congratulate Dr. Hudson on his very prolonged labours on this 
subject, and also on the very able exposition of it which he has given us 
to-night. 

Some years ago, in West Africa, I began to harbour, in secret, some rather 
heretical doubts as to the infallibility of the data and the criteria by which we 
were to diagnose yaws from syphilis ; those misgivings I committed to paper 
and sent to a journal, and the editors were unfeeling enough to publish them. 
The result was a chorus of protests by authorities on yaws and syphilis from 
various parts of the world. There were first those who said there were two 
diseases ; they ranged from people who said they had only to glance at a case 
to see which disease it was, to people who said they were not sure how they did 
it but they felt convinced they could see some difference between the two 
diseases. In the next category were arrayed those who said there was only one 
disease ; they said this question had been settled long ago, that they had known 
it for years and, they asked, what is anybody butting in for at this time of day 
and flogging this dead horse ? 

In my efforts to criticize the accepted criteria I put flrst the following : 
Yaws not congenital, syphilis congenital. The suggestion was made that it was 
hardly wise to compare yaws, a disease of childhood, with syphilis as a whole, 
and especially that it might be fallacious to compare yaws with venereal syphilis. 
I had nc figures of childhood syphilis, and so I was compelled to use congenital 
cases. Dr. Hudson wrote to me and said he was working in an area where there 
was apparently an abundance of child syphilis, and ever since then I have 
followed the progress of his work with great interest. You have heard Dr. 
Hudson to-night produce his case clearly, and I think it shows firstly, that this 
syphilis in children — bejel — is not transmitted congenitally to the next generation 
and, secondly, that syphilis cannot be distinguished from yaws simply on account 
of the genital site of the primary lesion in syphilis. I think that those are the 
two main pillars which support the structure of the differential diagnosis between 
yaws and syphilis, and those who have heard Dr. Hudson to-night will agree 
that he has shown how inadequate those pillars are to support any such structure 
as has been built upon them. 

There is one particularly interesting question which he has gone into 
to-night. I suggested that it might be dangerous in view of the new methods 
of rapid treatment of yaws to proceed without being certain about some particular 
points : that there were two eventualities worth considering. The first was, 
if you gave to a yaws patient a non-radical treatment, that is, one which will 
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alleviate the symptoms and get rid of the eruption and the infectiousness, you 
might leave the person liable, later on, to get neuro-sequelae. The second 
eventuality was this ; If you cure a person who has got yaws, will j'ou not then 
leave him in such a position tliat when he gets older he can acquire adult venereal 
infection ? I gather from Dr. Hudson that he does not consider that this latter 
question is to be viewed with much apprehension. The experience of Cooic 
in Uganda, which I mentioned in my paper was also slightly reassuring on this 
point. But I hope that Dr. Hudson or some speaker in the discussion will 
tell us from his experienee whether there is any real danger of the half-treated 
cases showing neuro-sequelae later in their lives, a matter to be taken note of 
from the public health point of view. From the public health aspect it is 
fallacious, when you are dealing with bejel or 5 'aws questions, to talk of the 
individual as if he were dilTcrent from the community, because the aggregate 
of the infected individuals in any sueh area is practieally all the population : 
in the bejel area, for example, some 90 per cent. Whatever, therefore, you do 
to the individual in such places you are doing to a very large part of the popula- 
tion. I ask again, do we run the risk of having neuro-effects as a result of partial 
treatment ? 

There are figures in certain colonial reports which attract attention. 
For instance, in the report for Kenya in 1935, in respect of a large mental hospital, 
out of 120 consecutive cases 22 per cent, showed neuro-spirochaetal effects. Dr. 
Paterson, Director of Medical Services, discusses this incidence and says it may 
be due to the organisms of yaws or of syphilis, and enquires whether it is the 
aftermath of the yaws epidemic which is dying down or the first result of that 
increase of venereal syphilis which is now being noted ? Another interesting 
report is that of Jamaica, where there is a lunatic asylum in which institution 
there are housed 2,000 patients. Of 201 patients admitted during the year and 
examined with regard to Kahn and Wassermann reactions, thirty-four were found 
to have a positive reaction ; and of fifty-nine patients already in, five were 
positive. Of 229 people there who died during the year, thirty-three were 
general paralytics. The Medical Superintendent, Dr. Hewson, is not overstating 
the case when he writes that the persistent annual increase of insanity is a matter 
of grave concern. 

From the wider public health point of view, the position there is also 
particularly interesting, especially when you look at the finances of the institution. 
In Jamaica, of the total expenditure in the Colony, 8-3 per cent, is on behalf of 
the medical department, that amounts to 190,000 ; of that sum nearly jT 42,000 
is spent on this lunatic asylum ; that is to say, from one-fifth to one-fourth of the 
total medical expenditure for the Colony is on this one institution. Therefore, 
from the public health point of view it is important for us to know the origin of 
those neuroses which occur in association with spirochaetal disease. One would 
like to know such things as this : are they the result of a childhood infection with 
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an extragenital sore, or are they the result, of an adult venereal 
Have they had any treatment before they were admitted as patieni 
what drugs were used, and how much treatment have they had 
one would like to know whether or not the numbers of those who ha- 
treatment before admission are in excess of those who have r 
treatment ? 

Answers to these questions would prove very valuable from the pt 
point of view. They are all questions which are raised by the paper ' 

In conclusion, I would say how interested I have been in foil 
Hudson’s work and hearing him to-night ; and I am sure you will all 
me when I say that he has added very substantially to our knowh 
extremely difficult subject. 

Col. L. W. Harrison said he was struck with the similarit; 
Dr. Hudson’s experience and that of others like Dr. Macqueen in 
who had encountered a practically identical condition, which was r 
the British Journal of Venereal Diseases for January, 1934, Dr. ! 
mentioned in his bibliography the earlier work in Dalmatia, Croti 
Herzegovina and Asia Minor on the same type of disease about whic 
been hearing to-night. He could remember reviewing a paper by 
worker* in Abyssinia, who told much the same story and stated 1 
Kaffir race south of Gore inoculated their children early in life int 
so that by the time they were married they would be well over thes( 
He was interested in comparing Dr. Hudson’s plan for preventing i 
of these diseases, by using bismuth injections, with that suggeste 
Macqueen. Dr. Macqueen thought that the best procedure was to 
plan suggested by Oppenheim for treating congenital syphilis, n 
administer orally the pentavalent arsenical preparation known va 
stovarsol, kharophen, orarsan, or spirocide which was first intended t( 
by the mouth as a prophylactic against syphilis. Oppenheim sugg 
it would be good for treatment of congenital syphilis, and it has be 
adopted" for that purpose. Macqueen thought it advisable to ster 
people temporarily by establishing a dispenser in an infected village to 
that all infected persons took the drug. His plan was to give each adi 
two tablets of 0-25 gramme on the first day, and three on each of the ne 
then a rest of 3 days was given, and the treatment was continued i 
patient had received as many tablets as he weighed in kilogrammes ; 
patients were treated with smaller doses on the same lines. 

In neuro-syphilis, he considered that a distinction should be draw) 
syphilis affecting the supporting structures of the central nervous sj 


♦NAgelsbach, E. (1926). Arch.f. Schiffs- u. Tropen-Hyg,, 30, 121. 


DISCUSSION. 


37 


syphilis aflfecting tiic parenchyma of the brain. The term neuro-syphilis is often 
used for wliat is actually vascular syphilis. Many of those eases about which 
they had heard that night showed evidences of changes in the cerebrospinal fluid, 
but that might indicate only that the supporting structures of the central nervous 
system were affected, a condition similar to that found amongst the Arabs of 
Northern Africa and the Negroes of North America who suffer less from neuro- 
syphilis than do white people there. 

He agreed with Professor Rlacklocic that a great amount of work had yet 
to be done on the subject of the relationship of inadequate treatment to the 
late development of neuro-syphilis, but he would repeat the hope that when this 
work was done those engaged in it would distinguish between the two kinds 
of syphilis in the central nervous system that he had mentioned. Some work 
had already been carried out ; for example Kemp, of Chicago, concluded that 
inadequate treatment did not promote the incidence of neuro-syphilis. He knew 
that inadequate treatment with arseno-benzol preparations alone would promote 
the development of mcningo-vascular sj-philis, but he did not think that 
inadequate mixed treatment led to neuro-syphilis. Since 1916, there must 
have been thousands of people in this country who had had inadequate treatment, 
judging by the number who desert from the treatment centres ; and yet general 
paralysis of the insane is on the decline. He would suggest that the absence of 
miscarriage in the eases described by Dr. Hudson* was due to their having been 
infected in childhood. Although any syphilitic woman may transmit the disease to 
the foetus, the tendency certainly docs become less as the infection grows older. 
He would suggest that in many of the cases there was a chancre on the tonsil 
or in the mouth and he would like to ask Dr. Hudson* if he had noticed any 
unilateral enlargement of the sub-maxillary or the submental glands in the cases 
he saw, because unilateral enlargement of these glands would suggest a primary 
syphilitic lesion in the mouth. 


Dr. H. S. Stannus said he wished that Dr. Hudson had not included in 
his paper the table of differential diagnosis ; it had already been attacked by 
Professor Blacklock in relation to yaws and syphilis and now it seemed to 
him to be open to criticism on the question of bejel. It was true that Dr. Hudson 
had realized the danger for he said that when he used the word “ resembles ” 
he did not imply that there was any “ identity.” 

Dr. Hudson identified bejel with syphilis but at the same time assigned 
to it a place intermediate between that disease and yaws, giving his reasons for 
so doing. 

Although he thought that Dr. Hudson’s observations formed a most 
valuable addition to the knowledge of clinical syphilis, he was very doubtful 
if it was fair to argue that bejel was a link in a syphilis-yaws chain. 
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(a) The fact that bejel was contracted commonly in childhood, non- 
venereally, was merely an epidemiological fact and proved no resemblance to 
yaws. 

(b) It should be noted that in the table the primary sore in yaws was said 
to be extragenital and “ bejel resembles yaws ” ; whereas, of course, the initial 
lesion in yaws may be genital, and in bejel as Dr. Hudson said elsewhere, a 
primary lesion is never seen. Syphilis should never be thought of as a purely 
venereal disease when according to Stokes in nearly 20 per cent, males and 36 
per cent, females the primary chancre is extragenital. Incidentally, it should 
be noted that the terms venereal syphilis and non-venereal syphilis were 
improperly used when it was thereby suggested that the disease in the two cases 
necessarity followed a different course. One should speak rather of venereally 
acquired syphilis and non-venereally acquired syphilis. 

It was interesting to note that bejel contracted by an adult by sexual 
intercourse remained bejel just as yaws similarly contracted remained yaws. 

Dr. Hudson stated that the skin eruption of bejel frequently resembled 
yaws in contradistinction to syphilis. The word resemble was one which 
constantly led to trouble in medicine. What one wanted to know was : Is the skin 
eruption ever identical with that in yaws ? After having read all Dr. Hudson’s 
descriptions of the disease and seen his photographs, the speaker was convinced 
that the skin lesions of bejel do not resemble those of yaws. 

Dr. Hudson suggested that the primary lesion in yaws was often absent 
or unidentifiable. He did not think this was the experience of those familiar 
with the disease. It would probably be more correct to say that on the occasion 
when the patient was seen the primary yaw might be unidentifiable. 

The fact that the mucous membranes of the mouth and naso-phaiynx were 
always affected in bejel appeared to be most significant in its relation to syphilis. 

In regard to yaws — after going through all the literature — he remained 
unconvinced that lesions of mucous membranes ever occurred apart from 
" spreads ” across muco-cutaneous junctions or direct inoculation. The adeno- 
pathy in bejel was general : in yaws localized ; the alopecia in bejel was as in 
syphilis : it did not occur in yaws. The positive Wassermann reaction given 
by the cerebrospinal fluid was important. 

Dr. Hudson said that pathologically bejel probably resembled yaws ! He 
would like to know whether this was so or not. Furthermore, Dr. Hudson 
had stated that certainly resembled yaws” in being “ better resisted : 

■constitutional disturbance slight : great exuberance, of eruption and cheloid 
scarring ” — as opposed to syphilis. He ventured to think that this was hardly 
3 . true picture. It should be remembered, however, that many cases of syphilis 
were first diagnosed late in life at a skin clinic from some dermal manifestation 
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without there liaving been any previous symptoms, wliile, on the other hand, 
the “ picture of misery ” presented by large groups of yaws cases was well-hnown 
to many of those present. As regards keloid formation, this appeared to be a 
racial peculiarity and was in no way due to yaws specifically. 

Dr, Hud-Son suggested that yaws in one country' differed from yaws in 
another country and that for this reason yaws, bejel, native African syphilis 
and European .syphilis could be considered ns forming a scries. With this view 
he could not agree. The disease syphilis, including bejel, varied in its clinical 
picture but there always appeared to be distinguishing characters separating 
it from yaws. Though in yaws there might be variations in the clinical picture 
there appeared to be no difficulty, if each case was taken as a whole, in reaching 
a correct diagnosis. While gangosa was extremely common in association 
with yaws in Oceania it was said to be unknown in Indo-China. The great 
difference in incidence of juxta-articular nodules has also been noted, but the 
secondaiy* eruption of yaws considered in detail still appeared to be characteristic. 

In regard to the pigmentary changes in the skin, he thought it was important 
to distinguish between lack of pigmentation, which might result from scarring 
following any lesion of the skin associated with loss of substance, and the other 
* characteristic dcpigmentaiy' changes which might occur in .syphilis and yaws. 
That, characteristically seen in yaws, was a patchy depigmentation, often associated 
with some hyperkeratosis, occurring on the hands and feet, wrist and ankles. 
In one of Dr. Hudson’s photographs a part of an extended hand was seen 
showing a condition like this. On the other hand, in another photograph a 
patient was shown exhibiting large leucodermic patches all over the body. That 
condition he did not think was ever due to yaws and he would doubt if it were 
actually due to bejel. Idiopathic leucoderma was common among dark-skinned 
races. 

Dr. Hudson had written “ A search for a condition resembling bejel might 
profitably be made in the ancient medical literature of childhood disease ” ; 
he (Hudson) thought that descriptions of what he believes to be the archetype 
of syphilis — bejel — would in this way be discovered. 

He would suggest that it was not necessar}"^ to go so far back. The descrip- 
tion given by Gilchrist of a “ very infectious distemper prevailing in many 
places ” (Scotland) called sibberts or sivvens appeared to refer to a disease 
haHng a very close resemblance to bejel of which they had heard this evening. 

That “ the soil ” upon which syphilis was grown plays an important part, 
as Dr. Hudson suggested, was probably very true ; the “ chemical make-up ” 
of a race, endocrine and vitamin balance might all play a part. Even the older 
writers believed that scurvy might alter the aspect of syphilis. This was an 
aspect of syphilis among native races which might well repay research. 
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Dr. H. M. Hanschell said that this was not the first time' he had had the 
pleasure of listening to Professor Blackcock on the subject of yaws and 
syphilis, and each time he heard him he became the more convinced that 
yaws was not syphilis. It seemed to be assumed that bejel and syphilis 
were the same disease, caused by the same species of parasite. But 
on listening to Dr. Hudson, it was evident that there were such grave 
differences as to make one reluctant to believe that they could be the 
same species. There was the matter of the primary chancre which 
Dr. Hudson had failed to observe. With much diffidence, he disagreed with 
Colonel Harrison ; where an infection falls on 95 per cent, of the children 
he could not believe that in the main it was due to a tonsillar infection ; it was 
more likely that these folk were continually rubbing in each others’ infection 
than receiving it by droplet means. Dr. Hudson had failed to observe a 
primary lesion, except in one case, a photograph of which he had shown : 
this was an erosive papule on a child’s back. He had had the fortune 
to see syphilitic lesions of the skin of a varied assortment of races of 
mankind, many with deeply-pigmented skin, and at no time had the primary 
lesion looked like a papulo-erosive chancre. Wherever it had occurred on the 
outer skin, it had always the same character, well described as a “ raw beef ” 
chancre, distinct in appearance from the papulo-erosive chancre which was con- 
fined strictly to the sulcus or precoronal sulcus and the undersurface of the foreskin 
just as it leaves the sulcus. Elsewhere, it always had the “ raw beef ” character, 
not at all like that which had been shown to-night as the only e.xample of an early 
lesion Dr. Hudson could produce. That part of the skin which comesinto relation 
with the outside world might show lesions varying in appearance according to the 
environment. The fact that these people live in a very dry climate might account 
for the character of the lesion, just as, we know well, a trauma of the skin might 
determine the site of a lesion, so also might the kind of climate determine the 
character of a lesion. 

But there still remained the fact that the spirochaete of bejel did not 
penetrate the choroid and infect the parenchyma of brain or spinal cord. 
And that was a distinct difference, because the coloured races which acquire the 
primary chancre of syphilis do suffer from parenchymatous infection of the 
central nervous system, even if not to the same extent as the European. At 
the Seamen’s Hospital they had had patients from East Africa, Somaliland and 
India showing parenchymatous syphilis of the central nervous system with the 
characteristic changes in the cerebrospinal fluid. There was thus no racial 
immunity. Again the spirochaete of bejel seemed unable to pass the placenta 
to infect the foetus, another very striking difference. One was forced to conclude 
that it was a different spirochaete. 
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Finally, he would refer to the plea that one should hesitate before offering 
these unfortunate people the benefits of treatment because this might mean that 
later in life they would acquire genital syphilis or neuro-syphilis. That reminded 
him of the very strong objections he had heard expressed in 1912, to the use of 
salvarsan because cases were reported in which the cure of a chancre with salvarsan 
had been followed by the contraction of anotlier. He thought that this pica not 
to treat bejel because these things might happen afterwards was rationalization, 
using that word in — as Professor Blacfclock would agree — a scurrilous sense ; 
it was merely an excuse to avoid the difficulty and expense of giving these people 
the treatment which we could give them, which one is quite sure would alleviate 
this suffering ; and which they ought to have. 

Dr. P. Manson-Bahr said that he thought that the spirochaete of syphilis 
and yaws were originally the same organism but that like other living things, 
various types had been evolved as a result of local conditions leading to different 
methods of infection and other characteristics. He mentioned the t 3 'phus 
group of diseases of which there are now many varieties though it seemed to him 
that originally there had been but one. If this was the case, there was no end 
to the discussions as to the identity or otherwise of the various types. 

Dr. C. C. Chesterman said he would join issue with Dr. Staxnus and tell 
him that all those lesions which they had seen illustrated on the screen spoke 
to him of yaws rather than of syphilis. He had had experience of 30,000 cases 
in 15 years, and he had seen in yaws patients practically ever}’’ lesion which 
Dr. Hudson had shown ; the onty two lesions he had not seen were alopecia and 
mucous membrane involvement and that might be accounted for by the varying 
humidity of the climate. In an arid country a plant must put its roots further 
down, and some allergic factor or biological necessity of the spirochaete demanded 
a surface lesion in these diseases, which must be deeper where the skin is drier. 
He supposed alopecia occurred because the roots of the hair were destroyed in 
that way. He did not think that bejel could be said to be an intermediate 
disease, because they saw negroes in Africa who had had yaws getting their 
typical syphilis aftenvards. 

With regard to Professor Bl.acklock’s question as to the possibility of 
nervous involvement following insufficient treatment, he would point out that 
he had never seen yet any case which suggested nervous involvement in patients 
who had had insufficient treatment, and he had to admit that many thousands 
had had insufficient treatment. Tertiary lesions on the other hand, are provoked 
in this .way. 

He would ask whether Dr. Hudson had thought of combined treatment, 
giving on the same day an intravenous injection of an arsenical and a large dose 
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of bismuth in the buttock, a treatment which is very successful in yaws ; and 
whether he was able to give more than 30 eg. a week of bismuth metal 
without causing stomatitis. 

Dr. William Corner (of Hove) said he was personally interested in Dr. 
Hudson’s lecture because he had had experience of the disease when in the Iraq 
Health Service some years ago. Bejel was equally prevalent under the same name 
among the semi-nomadic Arab cultivators on the Tigris below Mosul and 
on the Lower Lesser Zab, the affected area lying about 200 miles East of Dr. 
Hudson’s district' and separated from it by desert inhabited by nomads proper. 
He would like to ask Dr. Hudson what were his impressions with regard to the 
prevalence of bejel among these nomads who, if he remembered rightly, belong 
to the Shammar tribe. 

Apart from hospital outpatients his experience was mainly gained by field 
work in villages in the endemic area. A feature of early cases was mucous 
patches in the mouth. In fact, mucous patches were so common that he was 
surprised that Dr. Hudson has limited their appearance to the first year. 
Dr. Hudson may have referred to these, however, as mucocutaneous relapses. 
He was convinced that practically 100 per cent, of cases had mucous patches 
in the mouth at one time or another. Another very common condition in adults 
was leucoplakia of the inner aspect of the cheek at the angle of the mouth. With 
regard to skin eruptions, late ulceration was very common but the early exuberant 
eruption of which Dr. Hudson had shown some beautiful photographs he had 
found not common. In the average early case skin lesions seemed not severe 
and had to be looked for. 

With regard to venereal syphilis of the towns he would like to ask Dr. 
Hudson if, in his opinion, it is as virulent as European syphilis. His impression 
was that it was milder. 

With regard to the name “ franghi,” he had always understood that in 
Arabic derivation it meant European, in other words, the European disease or 
disease of the Franks. Alternately, it might be the survival in Arabic, and thus 
in the East, of one of the old names for syphilis when it blazed out in Europe, 
namely, the “ French disease.” It would be remembered that the first mention 
of the word syphilis was in the description of the disease by Frascatorius in 1530, 
his writing being entitled “ Syphilis sive Morbits Galliciis,” about 50 years after 
its appearance. In either case, it indicates a western origin. 

He would also like to ask Dr. Hudson if he had come across references 
to a bej el-like disease in animals, particularly in horses. 

The President (Sir Arthur Bagshawe) : Before asking Dr. Hudson to 
reply to the numerous questions, I would add my appreciation of the work 
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he has done. Dr. IlrnsoN lias been working in a remote, isolated part of the 
world, and has been carrying on a big native practice as well. As a previous 
speaker has said. Dr. lli'DSON has made a real contribution to knowledge. 

Dr. Hudson (in reply) said that though 90 per cent, of adult bedouins 
had bejel, only 15 or 20 per cent, of the total population had infectious lesions 
at any one time. If those cases were treated to the point of healing, and further 
ones treated as soon as they appeared, the number of new cases would tlrop 
very rapidly. 

He had no knowledge bearing on the question of the production of late 
nervous sequelae by sub-curative antisyphilitic treatment. What eviilence there 
was seemed to be inconclusive, and for his part he would risk the possibilitv of a 
few individuals getting neuro-sypbilis in order to achieve the important objective 
of eradication of the disease from the community. 

As to bismuth compared with intravenous arsenicals, he was convinced that 
sub-curative dosages of the latter were pharmacologically unsound and pro- 
gressively inelTectual, while short courses of bismuth — though admittedly not 
ideal — produced the desired healing clTect without risk to the patient and 
without prejudice to possible future treatment. I'or this reason, he had not 
chosen to combine the arsenicals with bismuth. A requisite of intravenous 
treatment was the systematic return of the patient, and this, in his experience 
with the primitive patient, had proved unattainable. 

As to bismuth dosage, he had found that the normal adult could safely 
take 20 eg. of the metal as sodium bismuth tartrate, and 30 eg. of the metal as 
bismuth salicylate in the course of 1 week. 

The administration by mouth of arsenic in pcntavalent form might be 
effectual in the treatment of endemic syphilis, but a thorough trial of this treat- 
ment would require complete control of the whole population for a period of 
time. 

Dr. Hudson said that he had not seen adenoid hypertrophy of a unilateral 
character such as would justify reference to a chancre of the oral cavity. 
Adenopathy was a prominent feature of bejel, but bilaterally symmetrical. 

In regard to certain points he wished to remove apparent misapprehensions. 
One of the photographs showed the earliest bejel lesion ever observed. It was a 
papule, and not a primary lesion in the sense of a chancre. This differentiation 
was to be made on immunological as well as on morphological grounds. There 
was, of course, a primary lesion in bejel in the sense of a first lesion, as there 
was in every eruption, and this first lesion resembled that of yaws in its extra- 
genital location, and in its apparent failure to exhibit “ chancre immunity.” 

Another ambiguity arose in connection with the point as to whether the 
spirochaete of bejel could penetrate the choroid, infect the parenchyma of the 
nervous system and pass the placenta. Dr. Hudson insisted that it was quite 
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of bismuth in the buttoch, a treatment which is very successful in yaws ; and 
whether he was able to give more than 30 eg. a week of bismuth metal 
Avithout causing stomatitis. 


Dr. William Corner (of Hove) said he Avas personally interested in Dr. 
Hudson’s lecture because he had had experience of the disease AA'hen in the Iraq 
Health Service some years ago. Bejel A\'as equally prevalent under the same name 
among the semi-nomadic Arab cultivators on the Tigris beloAV Mosul and 
on the LoAA'er Lesser Zab, the affected area lying about 200 miles East of Dr. 
Hudson’s district" and separated from it by desert inhabited by nomads proper. 
He Avould like to ask Dr. Hudson Avhat Avere his impressions AAdth regard to the 
prevalenee of bejel among these nomads Avho, if he remembered rightly, belong 
to the Shammar tribe. 

Apart from hospital outpatients his experience Avas mainly gained by field 
Avork in villages in the endemic area. A feature of early cases AA'as mucous 
patches in the mouth. In fact, mucous patches Avere so common that he Avas 
surprised that Dr. Hudson has limited their appearance to the first year. 
Dr. Hudson may have referred to these, hoAvever, as mucocutaneous relapses. 
He Avas convinced that practically 100 per cent, of cases had mucous patches 
in the mouth at one time or another. Another very common condition in adults 
AA^as leucoplakia of the inner aspect of the cheek at the angle of the mouth. With 
regard to skin eruptions, late ulceration AA'as very common but the early exuberant 
eruption of which Dr. Hudson had shoAA'n some beautiful photographs he had 
found not common. In the average early case skin lesions seemed not severe 
and had to be looked for. 

With regard to venereal syphilis of the towns he Avould like to ask Dr. 
Hudson if, in his opinion, it is as virulent as European syphilis. His impression 
AA'as that it Avas milder. 

With regard to the name " franghi,” he had ahA'ays understood that in 
Arabic derivation it meant European, in other AA'ords, the European disease or 
disease of the Franks. Alternately, it might be the survh'al in Arabic, and thus 
in the East, of one of the old names for syphilis Avhen it blazed out in Europe, 
namely, the “ French disease.” It Avould be remembered that the first mention 
of the Avord syphilis was in the description of the disease by Frascatorius in 1530, 
his writing being entitled “ Syphilis sive Morbiis Gallicus,” about 50 years after 
its appearance. In either case, it indicates a western origin. 

He Avould also like to ask Dr. Hudson if he had come across references 
to a bejel-like disease in animals, particularly in horses. 

The President (Sir Arthur Bagshawe) : Before asking Dr. Hudson to 
reply to the numerous questions, I would add my appreciation of the work 
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he has done. Dr. Hudson Ivas been working in a remote, isolated part of the 
AYorld, and has been carrying on a big native practice as well. As a previous 
speaker has said. Dr. IIud.sqn has made a real contribution to knowledge. 

Dr. Hudson (in reply) said that thougli 90 per cent, of adult Bedouins 
had bejel, only 15 or 20 per cent, of the total poj>ulation had infectious lesions 
at any one time. If those cases were treated to the point of healing, and further 
ones treated as soon as they appeared, the number of new cases would drop 
very rapidly. 

He had no knowledge bearing on the question of the production of late 
nervous sequelae by sub-curative antisyphilitic treatment. What evidence there 
was seemed to be inconclusive, and for his part he would risk the possibility- of a 
few individuals getting neuro-syphilis in order to achieve the important objective 
of eradication of the disease from the community. 

As to bismuth compared with intravenous arscnicals, he was convinced that 
sub-curative dosages of the latter were pharmacologically unsound and pro- 
gressively ineffectual, while short courses of bismuth — though admittedly not 
ideal — produced the desired healing effect without risk to the patient and 
without prejudice to possible future treatment. For this reason, he had not 
chosen to combine the arscnicals with bismuth. A requisite of intravenous 
treatment was the systematic return of the patient, and this, in his experience 
with the primitive patient, had proved unattainable. 

As to bismuth dosage, he had found that tlic normal adult could safely 
take 20 eg. of the metal as sodium bismuth tartrate, and 30 eg. of the metal as 
bismuth salicylate in the course of 1 week. 

The administration by mouth of arsenic in pentavalent form might be 
effectual in the treatment of endemic syphilis, but a thorough trial of this treat- 
ment would requii'e complete control of the whole population for a period of 
time. 

Dr. Hudson said that he had not seen adenoid hypertrophy of a unilateral 
character such as would justify reference to a chancre of the oral cavity. 
Adenopathy was a prominent feature of bejel, but bilaterally symmetrical. 

In regard to certain points he wished to remove apparent misapprehensions. 
One of the photographs showed the earliest bejel lesion ever observed. It was a 
papule, and not a primary lesion in the sense of a chancre. This differentiation 
was to be made on immunological as well as on morphological grounds. There 
was, of course, a primary lesion in bejel in the sense of a first lesion, as there 
was in every eruption, and this first lesion resembled that of yaws in its extra- 
genital location, and in its apparent failure to exhibit “ chancre immunity.” 

Another ambiguity arose in connection with the point as to whether the 
spirochaete of bejel could penetrate the choroid, infect the parenchyma of the 
nervous system and pass the placenta. Dr. Hudson insisted that it was quite 
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possible that the spirochaete of bejel could under certain circumstances and in a 
certain proportion of cases do all of these things. His point was that in his 
experience with bejel he had not seen clear-cut clinical cases of these types. 
He thought there must be a threshold in the pathological process above which 
clinical signs and symptoms would appear, and he thought that under the 
epidemiological conditions of bejel the infection seldom rose to this level in the 
subject. 

There was a sense in which it was true that yaws and bejel left the con- 
stitution unimpaired as compared with syphilis, and it was apparently in this 
sense that the expression was used in the differential table quoted. The state- 
ment was certainl}' debatable, however, unless there was agreement on the use 
of the terms. 

The venereally acquired syphilis in the towns did indeed seem to be milder 
in form than the same in the West. There was close blood relationship between 
Bedouins and townspeople, and if there wasan}’’ racial immunity the townspeople 
would share in it. It was also possible that certain adults who had acquired 
franghi had had bejel in childhood. 

It was his impression that a large proportion of the nomad Bedouins of the 
Syrian Desert also had bejel, but exact figures were lacking as few of them 
sought treatment in the towns. Dr. Clawson, dental surgeon of the Iraq 
Petroleum Company, was making a study of the oral manifestations of bejel 
among the desert nomads. 

He had several times been told by villagers that bejel came from animals, 
and he was shown a mare which was said to have bejel. The French veterinar}' 
surgeon, however, said that she had dourine. An ignorant people might be 
misled by the similarity of the lesions, their site and the mode of transmission. 

It was true that it had not been easy to get together the photographs which 
had been shown ; they were the typical cases which had appeared at the clinic 
in the course of 18 months, which he had had the opportunity to photograph. 
The exuberant skin lesions were plentiful among the children, but unfortunately, 
few children were brought in for treatment. 

Dr. Hudson said he had stated his personal belief that bejel was a form of 
syphilis because he believed it was due to infection with T. pallidum \ but he left the 
question open as to whether bejel was also in an intermediate position between 
syphilis and yaws, a view which would imply the fundamental identity of the 
three diseases. These two points of view were not necessarily mutually 
contradictor)'. 

Dr. Hudson, in closing, expressed his appreciation of the interest shown, 
and his thanks to those who had contributed to the discussion. 
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Since the meeting, the Secretaries have received the foUozeing letter from 
Colonel Harrison zvlw took part in the discussion : 

De.\r Sirs, 

In connection with tlic discussion on bejel, perhaps tlic following extract 
from the translation by Dr. Mklr.n Wilso.n* of a paper by Dr. W. F. Vfxtiiuyzf.n, 
Medical Officer of Health, Amsterdam, winch was read at the International 
Abolitionist Congress in Graz, Austria, in September, 192^, may be of interest 
and worth publication as an addendum to the discussion. 

“ No one doubts that from the epidemiological point of view there is a broad 
distinction between syphilis of sexual origin and endemic syphilis, which is in 
most eases extragenital, and propagated by means other than sexual relations, 
and to which consequently the name of venereal disease docs not apply.” 

“ The legislation of the Scandinavian countries shows the influence which 
this special form of cxtragcnital syphilis may have on the construction and 
application of the legal enactments of a nation. Professor Eulers, of Copen- 
hagen, in his interesting pamphlet, ‘ Lc Sypliildide dc Jutland ' (1923), develops 
the origin and history' of the Danish legislation, dating from 150 years ago ; 
and it has a bearing on the struggle against the propagation of venereal 
diseases. We there read that formerly, owing to the insanitary habits of 
the Danish peasants, sy'philis prevailed as an endemic disease in Denmark. 
The peasant family ate from a common dish, using a wooden spoon which 
was passed round. The spoon was cleaned after the meal and placed 
•on a beam under the roof till the next meal, consequently primary^ infection of the 
mucous membrane of the mouth was frequent. The Bishop complained that a 
number of persons without noses presented themselves at confession, and 
Professor Ehlers points out that the destruction of the median cartilage of 
the nose, which leads to its disappearance is a frequent consequence of infection 
by the mouth. The doctors were impressed by the similarity of the symptoms 
to those of syphilis ; but the absence of the initial genital chancre, and the 
propagation of the disease by extragenital means, made them doubt its syphilitic 
•character. This indecision gave rise to the word ‘ syphiloid ’ by which they 
described it, signifying ‘ a disease resembling syphilis.’ ” 

“ Similarly in Sweden, at the beginning of the last century syphilis prevailed 
in endemic form among the peasant population and the statistics of Popau, 
Beloussow and others show that in 1^4-5, in the governments of Wladimir, 
Ryas.\n and Kwirk respectively 91 per cent., 74 per cent, and 92-1 per cent, 
■of the cases of syphilis were occasioned by means other than sexual relations. 
Again, Bosnia, Herzegovina and various other countries know syphilis as an 
•endemic disease.” 

“ Syphilis, widespread and transmitted in this way among a population of 
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possible that the spirochaete of bejel could under certain circumstances and in a 
certain proportion of cases do all of these things. His point was that in his 
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Petroleum Company, was making a study of the oral manifestations of bejel 
among the desert nomads. 
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surgeon, however, said that she had dourine. An ignorant people might be 
misled by the similarity of the lesions, their site and the mode of transmission. 

It was true that it had not been easy to get together the photographs which 
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The exuberant skin lesions were plentiful among the children, but unfortunately, 
few children were brought in for treatment. 
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question open as to whether bejel was also in an intermediate position between 
syphilis and yaws, a view which would imply the fundamental identity of the 
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the origin and liistoiy' of the Danish legislation, dating from 150 years ago ; 
and it has a bearing on the struggle against the propagation of venereal 
diseases. We there read that formerly, owing to the insanitary habits of 
the Danish peasants, syphilis prevailed as an endemic disease in Denmark. 
The peasant family ate from a common dish, using a wooden spoon which 
was passed round. The spoon was cleaned after the meal and placed 
on a beam under the roof till the next meal, consequently primary’’ infection of the 
mucous membrane of the mouth was frequent. The Bishop complained that a 
number of persons without noses presented themselves at confession, and 
Professor Ehlers points out that the destruction of the median cartilage of 
the nose, which leads to its disappearance is a frequent consequence of infection 
by the mouth. The doctors were impressed by the similarity of the symptoms 
to those of syphilis ; but the absence of the initial genital chancre, and the 
propagation of the disease by extragenital means, made them doubt its syphilitic 
character. This indecision gave rise to the word ‘ syphiloid ’ by which they 
described it, signifying ‘ a disease resembling syphilis.’ ” 

“ Similarly in Sweden, at the beginning of the last century syphilis prevailed 
in endemic form among the peasant population and the statistics of Popau, 
Beloussow and others show that in 1884-5, in the governments of Wladimir, 
Ryasan and Kwirk respectively 91 per cent., 74 per cent, and 92T per cent, 
•of the cases of syphilis were occasioned by means other than sexual relations. 
Again, Bosnia, Herzegovina and various other countries know syphilis as an 
•endemic disease.” 

“ Syphilis, widespread and transmitted in this way among a population of 
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peasants, living in ignorance of hygiene, is considered by the people not as a 
sexual malady, but as an infectious malady to which no shame attaches, like 
smallpox. This fact explains how it is that this form of syphilis loses its dis- 
graceful character, and that it is possible to combat it in a way that is not possible 
TOth sexual syphilis, where there is a strong desire for secrecy. In the application 
of repressive measures compulsorj'’ notification, hospital treatment, compulsory 
or gratuitous treatment, no more resistance is met with than if it were some other 
infectious disease. This state of things explains the history of Scandinavian 
legislation on the subject of venereal disease. Moreover, the Scandinavian 
laws, drafted at the period when the three kinds of disease were confused, although 
more recently modified, are not entirely free from the initial error.” 

Yours faithfully, 

I.. W. Harrison. 


V 
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DESCRIPTION OF A NEW FILARIID FROM GROUND DOVES 
OF ST. CROIX, VIRGIN ISLANDS. 

BY 


DON.\LD L. AUGUSTINE, S.B., D.Sc. 

From the Department of Comparative Pathology, Medical School and School of Public Health, 

Harvard University, Boston, Massachusetts. 


In his search for a suitable experimental animal naturally infected with 
filariids. Dr. F. W. O’Connor* discovered that blood of ground doves, 
ColumhigalUtia passerina nigrirostis, of St. Croix, U.S. Virgin Islands, is 
frequently and usually heavily parasitized with sheathed microfilariae. Dr. 
O’Connor kindly sent the author a preserved specimen of one of these doves 
in which numerous adult filariids were found in a knotted mass directly beneath 
the peritoneum betweeri the proventriculus and the gizzard. All appeared 
to be of one species. The smallest bit of tissue, particularly the lung, teased 
apart in a drop of water on a slide, contained hundreds of microfilariae. Later, 
during the summer of 1936, the author accompanied Dr. O’Connor to St. Croix, 
where further studies were made upon this parasite at the Municipal Hospital 
in Christiansted. 

*PresbjTerian Hospital, Columbia University. 
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Descriptiou . — The following description is based upon the study of living 
specimens, and specimens killed in hot 70 per cent, alcohol and gradually 
transferred to glycerine. Microfilariae were studied alive in heparinized blood 
and in fixed dehaemoglobinized blood smears stained with methylene blue. 

The adult parasite is a rather small, slender white nematode. 'The females 
are approximately twice the length of the males. The body is nearly uniform 
in thickness throughout its length but tapers anteriorly and posteriorly, termin- 
ating in rounded ends. The body assumes a loose spiral form when killed 
in hot 70 per cent, alcohol (Figs. 1 and 2). The cuticle is smooth. The 



Vagn'ftlaria coIumbig(tlliiiaen.g.,n.sp., camera lu’cida drawings of adult worms ( X about 12). 
Fig. 1. — Female. Fig. 2. — Male. 


tnouth is simple and is surrounded by one pair of lateral and two pairs of 
submedian papillae. The papillae are small, inconspicuous and often searcely 
perceptible. There is no buccal cavity. The oesophagus is c}dindrical and 
approximately equal in diameter throughout its length. It is divided into two 
parts, a short, muscular anterior portion and a longer posterior portion which 
appears to be of a glandular nature. The intestine is somewhat bulbous at its 
juncture with the oesophagus. With the exception of the terminal portion of the 
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vagina, the reproductive organs of both sexes lie posterior to the junction of the 
oesophagus and the intestine. 

Thirtj^-ninc out of forty-two ground doves were found infected witli this 
parasite. From twenty-six to thirty-six adult worms were frequently encountered 
in a single bird. Besides occurring in the peritoneum, the adult parasites have 
been found in distended veins of the liver, spleen and pancreas, in the pulmonary 
vessels and the auricles and ventricles of the heart. They occur most frequently 
in the liver. 

Male . — Males (Figs. 1, 3 and 4) arc about 13 mm. in length with 
a maximum diameter of about 200/i. The oesophagus is from 750 to 
800^ lorig 3Gd from 50 to 60/x in diameter. The anterior muscular 
portion is approximately ISO/i long, with the ncr\-c ring behind the middle of 
its length. The tail is somewhat digitiform, about 240/i long, curled ventrally, 
and bears four pairs of inconspicuous papillae situated approximately SOn, 
120/x, 150^4 and lS5/x respectively posterior to the cloaca. The two spicules 
are approximately similar in shape and size and measure from 70 to SOjj. long, with 
a maximum breadth of about 15/i. There are neither pre-anal papillae nor 
is there a gubernaculum. 

Female . — Mature worms, judged to be so by the presence of fully 
developed microfilariae in the uterus (Figs. 2, 5 and 6) measure from 
20 to 23 mm. in length and have a maximum thickness of about 300/x. 
The oesophagus is approximately 1 mm. long and 50/x in diameter. The 
anterior muscular portion of the oesophagus is about 200ju. long. The nerv'e 
ring is slightly anterior to its hinder end. The vulva is located at about the 
level of the middle of the posterior portion of the oesophagus. The vagina is 
trumpet-shaped and muscular. It passes directly backwards, soon giving rise 
to two straight, parallel uterine branches which largely fill the body cavity 
to about 1'5 mm. anterior to the anal pore, at about which level the oviducts 
arise. The ovaries are relatively short, somewhat coiled, and usually occupy the 
space between the posterior extremities of the branches of the uterus and the 
anal pore. Occasionally a loop of an ovary ma^'^ extend beyond the anal opening. 
The uterus is crowded with microfilariae in varying degrees of development. 


Fig. 3. — ^Anterior extremity of the male showing character of oesophagus and position of 
head papillae. 

Fig. 4. — Posterior extremity of the male showing spicules and position of post-anal papillae. 
Fig. 5. — ^Anterior extremity of the female showing position of vagina and \ailva. 

Fig. 6. — Posterior extremity of the female. The terminal portion of the posterior ovary is 
shown. 
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Microfilaria . — Microfilariae (Figs. 7, 8 and 9) in fixed and stained blood 
smears are enclosed in a sheath, which structure may extend from 40 to 70/x 
beyond the extremities of the body. The lengths of 30 measured 
specimens ranged from 146 to 200 fi, exclusive of the sheath, with a diameter 
of about 7fi. The body characteristically assumes angular or spiral attitudes. 
The head end is rounded. The tail tapers to a somewhat rounded point. 
The tip of the tail is usually bent back upon itself, thus giving a blunt 
and sometimes a lobular appearance to the posterior end of the body 
(Fig. 9). The anterior tip is free from any structures for a distance of from 
6 to 9fx. The nuclei are irregularly disposed in about three rows, except in the 
tail, where they occur in a single row, usually of 5 or 6 cells. The excretory 
cell is immediately posterior to the excretory pore. The following measure- 
ments of recognized fixed points from the anterior extremity are averages for 
30 microfilariae. Nerve ring, 43/x ; excretory pore, 65;^ ; excretory cell, 72fi ; 
first genital cell, 116/x ; anal pore, 139 /x ; total length 165 /x. A clear area appears 
in the column of nuclei between the excretory cell and the first genital cell at a 



Vagrifilaria columbigallinae n.g., n.sp., microfilariae. 

Fig. 7. — Microfilariae. Showing characteristic attitudes of mf. in a stained blood smear. 
Fig. 8. — Microfilaria. Showing disposition of nuclei and “ fixed ” points. 

Fig. 9. — Posterior extremities of microfilariae. 

distance of approximately 104 /li. from the anterior end. The cuticle appears 
to be without striation. The microfilariae are present in the circulation at all 
hours, but appear to be most numerous at night. 
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V Discussion. 

It is obvious that our parasite belongs to the superfamily Filarioidea 
(Weinland, 1S5S) Stiles, 1907, and to the family Filariidac (Cobbold, 1864) 
Claus, 1885. In that the vulva is located in the oesophageal region, the cuticle 
smooth and the spicules approximately equal it can be referred to the subfamily 
Aproctinae, Yorkc and Maplestone, 1925. We have been unable to refer 
our species to any genus which, at one time, has been placed with the Aproctinae.* 
It approaches the genus Saurosiius Macfie, 1924, in that it has an unequally 
divided oesophagus. In Saurosiius, however, the oesophagus is described as 
being clearly divided into two unequal portions, the posterior portion of which 
is much broader than the shorter anterior portion. With our species, the 
division of the oesophagus is not a conspicuous feature and it is equal in diameter 
throughout its entire length. Furthermore, in Saurosiius, the vulva is located 
immediately posterior to the oesophagus, the tail of the female terminates in 
two lobes and lacks an anal opening ; the tail of the male is blunt and short, 
with four pairs of pre-anal papillae and without post-anal papillae, and has 
a gubernaculum. Inasmuch as the genus Lissonema von Linstow, 1903, is now 
generally sjmonymized with Aprocia von Linstow, 1883, there are at least four 
species of Aprocia with unequal divisions of the oesophagus, namely, A. narium 
von Linstow, 1901, A. roiundaiwn von Linstow, 1903, A. siriaia Sandground, 
1933, and A. laevicuiis Sandground, 1933. In these species, the oesophagus 
is conspicuously divided into a short narrow anterior region and a longer, broad, 
posterior region, as in Saurosiius. Our species further differs from them in 
the absence of lip-like elevations bordering the mouth, the absence of terminal 
portions of the testis and ovaries extending into the oesophageal region, and by 
their tapering, digitiform tail. The uterine branches of our species are filled with 
microfilariae in varying stages of development whereas the above-mentioned 
species of Aprocia are oviparous, the eggs being small and thick-shelled and 
containing an embryo at deposition. Eulimdana clava (Wedl) Founikoff, 1934, 
has been reported from the subcutaneous connective tissue of the neck, back and 

*I am greatly indebted to Dr. H. A. Baylis for examining our specimens from the 
ground dove and for preparing a list of genera which have been, or possibly should be, 
referred to the subfamily Aproctinae. The list includes the following genera : Aprocta 
von Linstow, 1883 ; Aproctella Cram, 1931 ; Aproctiana Skrjabin, 1934 ; Aproctoides 
Chandler, 1929 ; Cardianema Alicata, 1933 ; Carimma Pereira and Vaz, 1933 ; Chandlerella 
Yorke and Maplestone, 1926 ; Conispiculttm Pandit, Pandit and Iyer, 1929 ; Euftlaria 
Seurat, 1921 ; Eulimdana Founikoif, 1934 ; Finlaynema Vigueras, 1934 ; Labiatofilaria 
Adams, 1933 ; Paraprocta Maplestone, 1931 ; Pelecitiis Railliet and Henry, 1910 ; Pseud- 
aprocta Shikhobalov, 1930 ; Saurosiius Macfie, 1924 ; Splendidojilaria Skrjabin, 1923 ; 
Squamoftlaria Schmerling, 1925 (Syn. Coronofilaria Yorke and Maplestone, 1926 ; Eucamptus 
Dujardin, 1845) ; Striatofilaria Lubimov, 1927 ; Thamugadia Seurat, 1917. I have been 
unable to find additional published genera. 

I wish also to thank Dr. F. W. O’Connor for placing his material at my disposal 
and for liberal counsel, and Mr. Harry Beatty for trapping doves and for valuable labora- 
tory assistance. 
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Microfilaria . — Microfilariae (Figs. 7, 8 and 9) in fixed and stained blood 
smears are enclosed in a sheath, which structure may extend from 40 to 70 ft 
beyond the extremities of the body. The lengths of 30 measured 
specimens ranged from 146 to 200/t, exclusive of the sheath, with a diameter 
of about 7[x. The body characteristically assumes angular or spiral attitudes. 
The head end is rounded. The tail tapers to a somewhat rounded point. 
The tip of the tail is usually bent back upon itself, thus giving a blunt 
and sometimes a lobular appearance to the posterior end of the body 
(Fig. 9). The anterior tip is free from any structures for a distance of from 
6 to 9fi. The nuclei are irregularly disposed in about three rows, except in the 
tail, where they occur in a single row, usually of 5 or 6 cells. The excretory 
cell is immediately posterior to the excretory pore. The following measure- 
ments of recogniaed fi.xed points from the anterior extremity are averages for 
30 microfilariae. Nerve ring, 43/x ; excretory pore, 65/i ; excretory cell, 72;tt ; 
first genital cell, 1 16fi ; anal pore, 139 /x ; total length 165 ^t. A clear area appears 
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Fig. 7. — Microfilariae. Showing characteristic attitudes of mf. in a stained blood smear. 
Fig. 8. — Microfilaria. Showing disposition of nuclei and “ fixed ” points. 
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distance of approximately 104 jx from the anterior end. The cuticle appears 
to be without striation. The microfilariae are present in the circulation at all 
hours, but appear to be most numerous at night. 
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Discussion. 

It is ob\aous that our parasite belongs to the superfamily Filarioidea 
(Weinland, 1858) Stiles, 1907, and to the family Filariidae (Cobbold, 1864) 
Claus, 1885. In that the vulva is located in the oesophageal region, the cuticle 
smooth and the spicules approximately equal it can be referred to the subfamily 
Aproctinac, Yorke and Maplestonc, 1925. We have been unable to refer 

our species to any genus which, at one time, has been placed with the Aproctinac.* 
It approaches the genus Saurositus Macfic, 1924, in that it has an unequally 
divided oesophagus. In Saiirositus, however, the oesophagus is described as 
being clearly divided into two unequal portions, the posterior portion of which 
is much broader than the shorter anterior portion. With our species, the 
division of the oesophagus is not a conspicuous feature and it is equal in diameter 
throughout its entire length. Furthermore, in Saiirositus, the vulva is located 
immediately posterior to the oesophagus, the tail of the female terminates in 
two lobes and lacks an anal opening ; the tail of the male is blunt and short, 
with four pairs of pre-anal papillae and without post-anal papillae, and has 
a gubernaculum. Inasmuch as the genus Lissouema von Linstow, 1903, is now 
generally synon 5 ’mized with Aprocta von Linstow, 1883, there are at least four 
species of Aprocta with unequal divisions of the oesophagus, namely, A. nariiim 
von Linstow, 1901, A. roiimdatum von Linstow, 1903, A. striata Sandground, 
1933, and A. lacvicutis Sandground, 1933. In these species, the oesophagus 
is conspicuously divided into a short narrow anterior region and a longer, broad, 
posterior region, as in Saurositiis. Our species further differs from them in 
the absence of lip-like elevations bordering the mouth, the absence of terminal 
portions of the testis and ovaries extending into the oesophageal region, and by 
their tapering, digitiform tail. The uterine branches of our species are filled with 
microfilariae in varying stages of development whereas the above-mentioned 
species of Aprocta are oviparous, the eggs being small and thick-shelled and 
containing an embryo at deposition. Eulividana clava (Wedl) Founikoff, 1934, 
has been reported from the subcutaneous connective tissue of the neck, back and 

*I am greatly indebted to Dr. H. A. Baylis for examining our specimens from the 
ground dove and for preparing a list of genera which have been, or possibly should be, 
referred to the subfamily Aproctinae. The list includes the following genera : Aprocta 
von Linstow, 1883 ; Aproctella Cram, 1931 ; Aproctiana Skijabin, 1934 ; Aproctoides 
Chandler, 1929 ; Cardianema Alicata, 1933 ; Carinema Pereira and Vaz, 1933 ; Chandlerella 
Yorke and Maplestone, 1926 ; Contspiadum Pandit, Pandit and Iyer, 1929 ; Eufilaria 
Seurat, 1921 ; Eulimdana Founikoff, 1934 ; Finlaynema Vigueras, 1934 ; Labiatoftlaria 
Adams, 1933 ; Paraprocta Maplestone, 1931 ; Pelecitiis Railliet and Henry, 1910 ; Pseiid- 
aprocta Shikhobalov, 1930 ; Saurositus Macfie, 1924 ; Splendidoftlaria Skrjabin, 1923 ; 
Squamofilaria Schmerling, 1925 (Syn. Corotwfilaria Yorke and Maplestone, 1926 ; Eucamptus 
Dujardin, 1845) ; Striatofilaria Lubimov, 1927 ; Thamugadia Seurat, 1917. I have been 
unable to find additional published genera. 

I wish also to thank Dr. F. W. O’Connor for placing his material at my disposal 
and for liberal counsel, and Mr. HLarry Beatty for trapping doves and for valuable labora- 
tory assistance. 
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tail of carrier and domestic pigeons of Austria, France, Germany and Russia. 
The description of this parasite by Founikoff (1934) clearly shows that our 
specimen cannot be referred to this genus. 

FILARIID WORMS REPORTED FROM GROUND DOVES AND PIGEONS. 

A review of the literature shows that but little is known of filariids occurring 
in doves. Kennard (1902) reported sheathed microfilariae from Columhigallina 
passerina griseola and Leptotila rufaxilla. Their descriptions are too meagre 
for identification. The adult parasites were not found. Walton (1927) 
records a single, imperfectly preserved female filariid from Cohmibigallina 
passerina passerina in the Leidy collection of nematodes. The specimen was 
taken from a cyst in the hepatic region of the bird. It was impossible to identify 
the parasite, but it is considered by Walton to be closely related to the genus 
Pelecitus Railliet and Henry, 1910. 

Diagnosis. — It is believed that the present species is new and represents 
a new genus for which the name Vagrifilaria n. gen. is proposed. Vagrifilaria 
n. gen. — Aproctinae : mouth simple, without lips ; two lateral and four 
submedian head papillae ; cuticle smooth ; oesophagus not conspicuously 
divided into two portions, both portions being equal in diameter ; terminal 
portions of testis and ovaries posterior to the oesophagus ; posterior extremities 
tapering and digitiform. Anus present. 

Male. — Without caudal alae, without pre-anal papillae ; four pairs incon- 
spicuous post-anal papillae ; spicules equal ; gubernaculum absent. 

Female. — Vulva in the oesophageal region ; uterine branches parallel ; 
microfilariae sheathed, in the blood. Parasites of the venous system and 
peritoneum of birds. 

Type species. — V. coliimbigallinae n. gen. n. sp. (J, 13 mm., 23 mm. in 
Columbigallina passerina nigrirostis. 

Locality. — St. Croix, U.S. Virgin Islands. 

The type specimen is to be .deposited in the helminthological collection 
of the Museum of Comparative Zoology, Harvard University, and paratype 
specimens are deposited in the British Museum (Natural History) London. 


REFERENCES. 


Founikoff, Sophie. (1934). Ann. Parasitol,, iZ, 61 . 

Kennahd, C. P. (1902). Brit. Guiana med. Ann. p. 69. (Original not seen — abstract 
received from Dr. James Knott). 

Walton, Arthur. (1927). Proc. Acad. nat. Sci., Philad., 79, 49-163. 



Traxsactions of thk Roval Socifty of 
Tropicai- MnnicixF axd Hygii-xk. 
Vol. XXXI. No. 1. June, 1937. 


OBSERVATIONS ON LIVING “ SHEATHED ” MICROFILARIAE 
IN THE CAPILLARY CIRCULATION. 

IIY 

DONALD L. AUGUSTINE, S.B., D.Sc. 

From the Dcpartvicnt of Comparative Pathology, Medical School and School of Public Health, 

Harvard University, Boston, Massachusetts. 


In a previous study (Augustine and Drinker, 1935) it was shown that when 
blood heavily infected with microfilariae of Dirofilario immitis is^given intra- 
venously to an uninfected dog the microfilariae appear within a few minutes in its 
lymph. Their escape from blood capillaries into lymph capillaries is accom- 
plished, apparently, without appreciable injury to the capillaries. Later, 
an attempt was made to observe directly the manner of migration of microfilariae 
from the blood circulation into the lymphatic system (Augustine, Field and 
Drinker, 1936). Numbers of Microfilaria imviitis, isolated and concentrated, 
were injected intravenously into a bat previously anaesthetized with nembutal. 
The bat was then arranged for microscopical observation of the capillaries 
and lymphatics in the wings. Although no microfilariae were seen leaving the 
vessels or capillaries, it was discovered that they were exceedingly active within 
the capillaries ; not being passively carried about with the blood stream, but 
actively migrating rapidly both with and against the blood stream, even in the 
larger vessels, provided these are small enough for alternate curves of the 
microfilariae to get a purchase on opposite sides of them. Their every 
movement had the effect of maintaining them in the circulation ; 24 hours 
later, they were no longer seen in the circulation. They were then found 
concentrated in the liver and lungs, apparently having been filtered out of the 
circulation by these organs. 

It was suggested that, perhaps, the observations applied only to unsheathed 
microfilariae, and that the sheaths of microfilariae of Wuchereria baticrofti and 
other similar forms might be a serious impediment to their progress in the 
circulation. 

Opportunity to determine this very question was afforded the author 
during the summer of 1936 at the Municipal Hospital, Christiansted, St. Croix, 
U.S. Virgin Islands in the company of Dr. F. W. O’Connor. 
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Experiments with Microfilaria colutnbigallitiae. 

The observations were made mostly on Vagrifilaria columbigalliuae 
Augustine, 1937, a filariid discovered by Dr. F. W. O’Connor in the ground 
dove, Colurnbigallina passerina nigrirostis (Augustine, 1937). This microfilaria 
is sheathed ; it is somewhat smaller than Mf. bancrofti, but in other respects the 
two are strikingly similar. 

Doves were easily caught during dry weather in drop traps over water holes. 
It was not practical and seldom necessary to concentrate these microfilariae 
as done in earlier experiments (Drinker et al, 1935). A single drop of blood 
usually teemed with microfilariae, and the amount of blood obtained from one 
dove was usually more than could be used in a single experiment. The doves 
were bled directly from the heart. To avoid clotting, the heart was swabbed 
with heparin, and a small amount of this was put in the syringe before bleeding. 

Two species of bats of St. Croix were so heavily pigmented that clear vision 
of their capillaries could not be obtained. Frogs, Raiia pipiens, brought with us 
from New York proved very satisfactory for the study. For an experiment 
a frog was anaekhetized with urethane injected into the dorsal lymph space. 
It was then mounted in position, the abdominal vein isolated and cannulated, 
the cannula pointing centrally. Undiluted, heparinized dove’s blood, heavily 
charged with microfilariae, was introduced through the cannula, the vein was 
then tied, the cannula removed, the incision in the abdominal wall closed, and the 
feet of the frog spread and mounted on plasticene blocks in a large petri plate 
containing sufficient water to cover them. The capillary network was then 
viewed with a water immersion lens. A typical experiment was as follows : — 

June 29th, 1936. 

11.05 a.m. — Frog anaesthetized with urethane. Abdominal vein isolated and 
cannulated. / 

11.30 a.m. — Injected about 0-3 c.c, heparinized dove blood heavily infected with 
microfilariae into frog circulation through cannula. Cannula removed. Incision closed. 
Frog’s feet mounted for microscopic observations. 

11.50 a.m. — Numerous, exceedingly active, microfilariae observed travelling with and 
against blood stream in capillaries and in larger vessels. They cross capillary network 
from venous to arterial side and from arterial to venous side, back out of temporary obstruc- 
tions (occlusions due to lodged white and red blood cells) seeking an avenue of escape 
with tail, turn about in the capillaries and proceed in opposite direction. Ten to fifteen 
microfilariae are frequently seen in " nests ” (occluded capillaries). They are very active, 
knocking each other and the stagnated cells about in the effort to escape. Suddenly some 
distant barrier apparently was released and all microfilariae disappeared en 7nasse into the 
active circulation. Contours of the vessels are not altered by movements of the micro- 
filariae. The “ sheath ” is not seen on any microfilaria. 

1.45 p.m . — 'No change — microfilariae active. 

2 p.m.— 0-3 c.c. saline injected to dorsal lymph space. Withdrawn after a few 
minutes and examined for microfilariae. None found. 

2.10 p.m. — Frog (still mounted in petri plate) placed in cement court yard in full 
exposure to sun. Sky cloudless. 

2,15 p.m. — Frog recovering from anaesthetic, given 0*2 c.c. 25 per cent, urethane 
in dorsal lymph space. Returned to laboratory for examination. ^ 
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2.35. — Microfilariae active in capillaries. No microfilariae in lymph drawn from dorsal 
lymph space. 

5.30 p.m. — Microfilariae in capillaries but noticeably fewer in number. 

10 p.m. — No microfilariae seen in the capillaries. 

June 30th. 

5.45 a.m. — No microfilariae in lymph from dorsal lymph space. Anaesthetized with 
urethane, mounted for study of capillaries. 

9.10 a.m. — No microfilariae seen in capillaries of cither foot. 

2.10 p.m. — No microfilariae in lymph from dorsal lymph space. An occasional 
microfilaria is seen in the capillaries Ac/h? carried 7vith the blood stream. Not active, move- 
ments limited to weak flexures of the body. Blood circulation strong. 

2.45 p.m. — Frog placed in full exposure to sun. Frequently bathed with water to 
prevent drying. 

3.30 p.m. — Returned frog to laboratorj’. No microfilariae from dorsal lymph space — 
none seen in the capillaries. 

8 p.m. — No microfilariae in lymph or in capillaries. 

July 1st. 

9.25 a.m. — No microfilariae in lymph from dorsal IjTnph space. Frog anesthetized 
with urethane. 

11.30 a.m. — Continuous search made for microfilariae, none seen in capillaries. 

2.15 p.m. — No microfilariae in lymph from dorsal lymph space, none seen in the 
capillaries. 

3 p.m. — Frog killed. Scrapings from lungs and liver negative for microfilariae. 
Tissues fixed for sectioning. 

Experiments of this type clearly show that “ sheathed ” microfilariae 
actively and forcibly migrate through the capillaries, all their movements having 
the effect of keeping them in the circulating blood. Their travel in the 
capillaries is as effective as that of “ unsheathed ” microfilariae (Augustine 
and Drinker, 1935 ; Augustine, Field and Drinker, 1936). 

Similar experiments were performed to determine if the activities of micro- 
filariae obtained at night from the host differed from those taken during the 
day. Observations made from 10 p.m. to midnight revealed no apparent 
difference. - 

Living, gravid females dissected from livers of ground doves were placed 
directly in the dorsal lymph space of frogs. Living worms, embedded in the 
connective tissue of the dorsal lymph space were recovered 2 days later. Fluid 
from the dorsal lymph space contained living and degenerated microfilariae 
and, in one experiment, a single active microfilaria was found in blood taken 
from the ventral vein. No microfilariae were ever observed in the capillaries 
of these frogs ; probably there were too few in the circulation. 

Experiments with Microfilaria bancrofti. 

Attempts to perform similar experiments with Mf. bancrofti were unsatis-, 
factory. Blood infections encountered in patients at hospitals of Christiansted, 
Frederiksted, and at a home for the aged, were so light that concentration of 
the microfilariae was necessary. They proved exceedingly delicate, and did 
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not survive haemolization and other steps employed in the process of concentrat- 
ing Mf. immitis (Drinker et al, 1935). Seven hydroceles aspirated at the hospital 
in Christiansted were negative of microfilariae. It was, thus, at no time possible 
to obtain living W. bancrofti in quantity for our experiments. 

In one experiment about 4 c.c. of heparinized blood containing Mf. bancrofti 
were injected slowly into the dorsal lymph space of the unanaesthetized frog 
at 11 o’clock at night. At 9 o’clock the following morning the frog was 
anaesthetized with urethane and the hind feet mounted for microscopical 
study. The circulation was strong, but no microfilariae were noted in the 
capillaries. Observations were continued intermittently until 5 o’clock in the 
afternoon. No microfilariae were seen. The frog was then killed and the organs 
removed separately. Several living and apparently normal microfilariae were 
found in scrapings from the liver. Although the experiment failed in its 
original purpose, the finding of microfilariae in the liver is significant. It 
indicates that these microfilariae are, as were those of other species studied, 
filtered out of the circulation into that organ. Histological study of the sections 
of the tissues removed and fixed at autopsy indicates that microfilariae are also 
finally disposed of in the liver. 

In our previous experiments with Mf. immitis it was found that they 
readily escape from the blood capillaries and appear in the lymphatics. This 
phenomenon was not observed in any of the present experiments with Mf. 
columbigallinae or Mf. bancrofti in frogs. Whether these microfilariae do 
penetrate tissue remains unknown. In one e.xperiment a Mf. bancrofti was 
recovered in blood from the abdominal vein of a frog 18 hours after injection 
into the dorsal lymph space. Its presence in the blood circulation may have 
been largely due to passive rather than active migration. 

Histology. 

Frogs killed from 18 to 31 hours after injection with Mf. columbigallinae 
or Mf. bancrofti show these distributed throughout the liver but none in the other 
organs. They lie in the liver sinusoids and occasionally in the veins. Many 
appear to have been alive and active at the time of fixation — as judged by the 
normal position of the body nuclei, smooth cuticula, and characteristic curves 
of the body indicative of active progression. Others were apparently dead 
and show'ed degenerative changes — the nuclei distorted the cuticle crumpled, 
and the body lacking the characteristic contours of normal microfilariae. There 
was no cellular infiltration. 

Livers of frogs killed 5 days after injection with microfilariae showed no 
organisms. There were however, scattered throughout the liver, fairly 
numerous small areas of lymphocytic infiltration which may possibly represent 
a late reaction persisting after the disappearance of microfilariae. If such be the 
case, the earlier cellular response was not obtained in our limited series. 
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The question arises whether microfilariae are actually killed in the liver 
or if they die elsewhere in the body and are then carried by the circulation to the 
liver where they may be finally disposed of. The finding of feeble forms 
being carried passively in the circulation 27 hours after injection into the system 
rather suggests that this may occur. In all these and earlier experiments there 
was an early disappearance of the microfilariae from the circulation ; 30 hours 
after injection into the circulation they were found concentrated in the liver 
where clearly degenerating forms were encountered and none in other organs. 
This may be the result of being in an abnormal host. On the other hand, 
it may indicate that many microfilariae are destroyed daily in the normal host. 

“ Sheathi-d ” Microfilariae. 

One object in the present study was to determine what hindrance the sheath 
might cause microfilariae in their migration in the circulation. Constant search 
for this structure on microfilariae in the capillaries failed to detect it. Neither 
was it visible on Mf. cohmibigaUiuac in fresh heparinized blood nor on micro- 
filariae teased directly from tissue. Occasionally a very slight clear area was 
detected at the posterior extremity of W. hancrofii as it thrashed about in unclotted 
blood smears, which area may have been a space between the tail of the lar\"a and a 
“ sheath.” The formation of the “ sheath ” could always be followed on the 
slide as the medium surrounding the larva dried. The process was repeatedly 
observed on Mf. baiicrofti and Mf. coIumbigaUmac. The larva is mechanically 
held in the ever thickening medium. In its efforts to push on and back out, the 
once close-fitting, inconspicuous outer covering is continually stretched until 
complete drying of the preparation prevents further movement of the micro- 
filaria, which then perishes. It is quite possible that some stretching of the 
sheath may occur in the circulation at times when microfilariae arc temporarily 
held in the capillaries. In such circumstances, however, the stress upon the 
outer membrane would never be as great or as prolonged as in a drying blood 
film. From the present observations, it appears doubtful if there are ever many 
“ sheathed ” microfilariae in the circulation. 

These observations raise a question as to the exact nature of the “ sheath ” 
of microfilariae. The current conception that the “ sheath ” is the modified 
vitelline membrane seems to be based largely on the observation of Penel (1904) 
on Loa loa obtained at autopsy on a negro from the west coast of Africa. The 
adult worms were dead at the time of their removal from the cadaver. The 
development of the microfilariae was observed on specimens removed from 
different levels of the uterus and mounted in 20 per cent, formalin. The 
vitelline membrane was noted on eggs containing embryos and on some of the 
microfilariae the sheath extended for a distance of from 30 to 40 /x, beyond either 
extremity; in others, however, the larva so completely filled this envelope that it 
could be detected only at points of curvature of the body. 

Developing microfilariae from the uterus of Vagrifilaria cobmbigallinae 
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clearly show the vitelline membrane surrounding eggs containing coiled larvae, 
but none of the microfilariae from the vaginal region show any evidence of a 
sheath. From this same region of the uterus are found accumulations of 
crumpled, hyaline objects, similar in size and shape to the membranes enclosing 
coiled embryos taken from a higher level of the uterus. These we interpret to be 
discarded vitelline membranes of mature microfilariae. 

It appears, therefore, that the “ sheath ” on the species of microfilariae 
studied is comparable to that of infective hookworm larvae — namely, the result 
of an incomplete ecdysis. Although all nematodes undergo ecdysis, only a 
relatively few have developmental stages known as “ sheathed ” larvae. The 
absence of the sheath on microfilariae of several species cannot be explained 
at this time. It may be that the development of such forms is slower than that 
of “ sheathed ” microfilariae and that the formation and shedding of this 
cuticle takes place only in the body of the insect host. A careful study of the 
embryology and later development of “ sheathed ” and “ unsheathed ” micro- 
filariae Avould be of decided interest and value. We can conclude, however, 
from the present study that the “ sheaths ” of Mf. columbigallinae and Mf. ban- 
crofti as known in fixed and stained blood smears become apparent by technical 
procedure, but are indiscernible on microfilariae while in the circulation. 

Summary. 

1. Experiments are reported in which the so-called “ sheathed ” micro- 
filariae of Vagrifilaria columbigallinae have been studied in the capillary circula- 
tion of frogs. It has been shown that “ sheathed ” microfilariae actively migrate 
through the capillaries and that their behaviour in the circulation is identical with 
that of the “ unsheathed ” microfilariae of Dirofilaria immitis. 

2. It has been shown that microfilariae are filtered out of the circulation 
by the liver after 17 to 30 hours, and histological evidence indicates that 
microfilariae are finally disjjosed of there. 

3. Mf. columbigallinae injected into the circulation of frogs was not observed 
to enter the lymphatics. 

4. The sheath, the apparent envelope surrounding microfilariae of several 
species in fixed and stained blood smears, is indiscernible as a distinct structure 
on these microfilariae while they are in the circulation. 
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I. — Introduction. 

The position taken here is that two different mechanisms cause the rise and 
the fall of the microfilarial tide of Bancroftian filariasis ; the mother worm’s 
parturition puts microfilariae into the blood through the lymph current, the 
host’s reticulo-endothelial system takes them out of this and destroys them. 
In other infections with endoparasites a dualism is not questioned — the female 
intestinal worm puts her eggs into the host’s intestine, the intestinal muscles 
get rid of them ; the female trichinella puts her young into the intestinal wall, 
the reticulo-endothelium mainly of striped muscle shuts them off from doing 
the host further harm. Yet this principle has, in effect, been denied for 
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Bancroftian filariasis ; when I reasoned (1929) that the rise of its microfilarial 
tide was caused by the mother worm’s parturition — so challenging Manson’s 
view (1882) accepted for some 50 years, and upholding that of Myers (1881) 
almost forgotten for as long — and even when O’Connor had produced evidence, 
covering many hours of the twenty-four, that female worms in the same host give 
birth to their young simultaneously, it was said that what mattered was a demon- 
stration of the mechanism which causes the fall of the tide. Active critics 
have not repeated O’Connor’s extensive investigations, but have unhelpfully 
stressed our ignorance of the even less studied mechanism which takes micro- 
filariae out of the blood. 

Getting beyond such vague terms as “ foreign body giant cells,” this paper 
is a first attempt to suggest that the reticulo-endothelial system, taken as an 
entity, is the structure which causes the fall of the microfilarial tide. 


II. — The Reticulo-endothelial System. 

1. some pertinent points. 

In their summary of knowledge of this system, Hadfield and Garrod 
(1934) tell that its mobile cells have two origins — the lymphocytes of lymphoid 
tissue, and the reticulo-endothelial cells of liver, spleen, lymph nodes, bone 
marrow and connective tissue — that among their gradations of form are plasma 
cells, macrophages, giant cells and fibroblasts; and that by them the. body 
gets rid of protozoa and of bacteria of the tubercle type. Of helminths they 
say nothing ; yet these very cells are prominent round helminths within 
bodily tissues and are strikingly so in Bancroftian filariasis. 

For example, Africa and Garcia report on ascaris eggs which had been long enough 
in the peritoneal cavity of a woman (1936a) and of the monkey Macactis cynomolgiis (1936b), 
to become embryonated. In the peritoneum were tubercles having in their centres these 
eggs being devoured by giant cells, the other constituents in the tubercles being round 
cells, endothelial cells, fibroblasts and fibrous tissue, but no eosinophils. I have many 
sections made by O’Connor’s staff of the livers of the ground dove of the Virgin Islands, 
Colwnbigallina passeritia nigrirostis, showing giant cells, with or without enclosed micro- 
filariae, Fig. 1, from worms* living in the blood vessels of that organ. In infection with 
Wttchereria bancrofti, CrUICKshank and Wright (1914) noted in lymph vessels and nodes 
a proliferation of endothelial cells with fibroblasts while near adult worms even in lymph 
nodes were giant cells : observations, confirmed and amplified by O’Connor, the full 
importance of which seems unrecognized. 

The fibroblast, and blockage of the system, need special consideration. 
Of fibroblasts Hadfield and Garrod say that only these end cells seem capable 
of indefinite perpetuation in tissue culture, which surely suggests that persistence 
of a stimulus, tvhich has brought them into being in the host’s body, will easily 
cause much fibrosis; the conditions suited for their growth- are considered 


*Vagrifilaria columbigallinae, Augustine, 1937. 
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later. Of rcticulo-endoihclial blockage these writers note that repeated injections 
of dyes and particulate matter so over-load the system’s active cells that they 
seem incapable of movement or am’ other activity ; and that by such injection 
combined with splenectomy (which removes much reticulo-endothelium) 
the overworked system may be blocked and unable to defend tlic body. They 
give this example : the spirochacte of relapsing fever cannot live in normal 
mice, but kills 90 per cent, of blocked animals. There arc three reservations 
as to blockage of the system : solid particles and chemicals in solution have 
different effects ; while a large dose of blocking material maj'' inactivate, a 
small dose may stimulate ; complete blocking has proved impossible. Blockage 
is a serious matter for a host animal and may be the chance of its lifetime for a 
parasite. 

2. THE LY.MPH DAM. 

An infective lan'a of IF. baucrofii entering man’s skin has two conveyances 
at its disposal, the blood escalator and the lymph escalator (Laxe, Discussion, 
O’CoxxOR, 1932). Should its boring take it to the second it is carried away 
by the lymph current, but may be held up somewhere along the length of a 
lymph vessel or where this fans out before entering the nearest lymph node ; 
and in one of these spots it may become adult. But adult worms are common 
in the scrotum, which an infected mosquito must rarely bite ; so here the 
reasonable explanation is that the infective larva, entering somewhere else, has 
got on to the blood escalator as the hookworm larv’a often does, and been carried 
round by it till it has come to the capillaries of some part which “ suits ” it 
(in this case the testicle). Here it leaves blood capillaries (perhaps they are 
taking up from the tissue something with a taxis for it), gets into tissue fluid, so 
into a lymph vessel, and there becomes adult. 

Round the adult worm, while to all appearance living and healthy, the 
endothelium may become swollen by new reticulo-cndothelial cells (giant cells 
may be conspicuous, as in Fig. 2), and the worm may die from stoppage of the 
lymph flow on which its life depends, or perhaps from toxic excretions by the 
cells. The dead worm often becomes calcified, and in the end fibroblasts make 
round it a concentric web of fibres, a “ parasitic onion.” 

Microfilariae, too, bring into being new cells of this system. With an 
adult in the testis obstructing the lymph flow, this, it seems, runs towards the 
tunica vaginalis, near whose angle of reflection a projecting granulation forms 
made up of lymphocytes, macrophages and giant cells with an occasional 
polymorph, and among the cells are microfilariae — normal, partly calcified but 
for the rest of their length with seemingly normal nuclei, with nuclei becoming 
poorly stained and disarranged — and empty cuticles having cell remnants within ; 
a few of the disintegrating microfilariae are partly inside giant cells (as in Fig. 1), 
the rest are extra cellular. Round microfilariae in cortical sinuses of a lymph 
node are many macrophages and fibroblasts, and the microfilariae may be 
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undergoing extra cellular digestion with ghostly nuclei, or calcification in whole 
or part ; by the presence of these unusual bodies and by contraction of the 
fibrous tissue which they form, the lymph is dammed and there results a hyper- 
trophy and dilation of the afferent vessels and the usual ready formation of new 
lymph channels in this new fibrous tissue ; so the node becomes a varicose 
lymph node in miniature, with islets of lymphoid tissue set in wide fibrous 
surrounds riddled with lymph vessels which bypass the active elements and take 
microfilariae safely to the next node* ; this will go on node by node till micro- 
filariae from a mother worm make their w^ay, zigzag and slow but little molested, 
into the blood stream. 


(z) The Latent Period. 

Between the date on which microfilariae are first born in a part and that 
on which they first get into the circulating blood there will then be a latent 
period which should be shortest when a mother worm has few nodes between 
it and the great veins, or when many mother worms have matured about the 
same time in the same lymphatic drainage area — when defences are shallow or 
bombardment heavy ; but for that, I think, evidence has not been sought. 

The earliest ages at which microfilariae have been reported in the blood, by Commis- 
sions from the London School of Hygiene and Tropical Medicine, have been ; 14 months 
in British Guiana (Anderson, Khalil, Lee and Leiper, 1924) ; 5 years in Fiji (Bahr, 
1912), though a girl of 2^- had enlarged epitrochlear glands but no microfilariae ; 4, 4 and 
5 years in three groups of the Pacific Islands (O’Connor, 1923), while in them the 
percentages of those under 16, and 16 and over, with microfilariae in the blood, were 
respectively 9 and 46, 8 and 36'7, and 1 1 and 42. These are not necessarily the earliest ages at 
which microfilariae reached the blood ; prenatal infection may perhaps take place ; suscepti- 
bility to infection may unexpectedly increase with age ; and there is an inten'al of 
apparently unknown length between entry of an infective larva and its maturity with birth 
of microfilariae. But, with all these doubts, the anatomical findings leave little question 
that till the Ij^mph nodes between a mother worm and the great veins have been bypassed, 
microfilariae will not reach the blood — that there is certainly a latent period so caused. 

To sum up this stage, there is proof of destruction of microfilariae, it may 
be for months or years, before any get into the blood ; and even after some 
have done so, this will go on as long as lymph on its way to the blood takes others 
through active lymphoid tissue. It follows that the numbers of microfilariae 
counted in the blood are no measure of those which are being born, still less of 
the mother worms which bear them — another vexation for tidy minds which 
treat the clinical medicine of helminthiasis as a branch of lower mathematics. 

{it) Elephantiasis. 

A most striking and distressing effect of the lymph dam is elephantiasis. 
Nearly 25 years ago Low (1913) noted that it may come on without previous 

*In O’Connor’s experience microfilariae are often seen in the afferent channels of a 
normal or nearly normal lymph node, but he has not seen them in the efferent channels. 
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lymphangitis’* ; the experience of O’CoxxoK and IIuLsn (1935) of 301 cases is 
the same. These conclusions arc based on medical histories given by persons 
perhaps of poor intelligence, so that some may doubt the wisdom of taking 
them at face value. The experimental work in Professor Drixkhr’.s laboratory 
at Boston, U.S.A., puts doubt at rest. 

Miller, Sayers and Yant (1935) injected “ dust ” into the peritoneal cavity and found 
that it fell into three groups — the first inert and unchanged in inert tissues, the second 
soluble and disappearing, the third (including quartz and highly silicaceous chert) per- 
sisting and causing cclhilar proliferation and fibrosis. In the previous year it had been 
shown by Drinicer, Field and Homans (1934) that elephantiasis was brought about 
experimentally in dogs by repeated injections into their lymphatics of quinine solution 
(with its reputation for closing varicose veins) and of a waterj' suspension of fibrosing 
particles of crj’stalline silica having a mean diameter of 1/t. Repeated injections are 
needed, for with blockage of one set of lymph vessels new ones form and have to be closed ; 
so quickly do they form that after cutting through all tissues of a thigh except the femur, 
the femoral arterj’ and vein, and the sciatic ncr\'e, and removing tlic inguinal and popliteal 
lymph nodes, the lymph current becomes normal in about a week. 

After these repeated injections into different lymph vessels of a limb, 
elephantiasis appears ; it may do so without lymphangitis but an attack of this 
quickens its oncome. Is this lymphangitis helminthic or bacterial ? To the 
answer the Boston workers point the way. 

In the oedema fluid of elephantoid dogs they found haemolytic streptococci if examina- 
tion was made not later than 12 hours after a bmphangitic attack began, but none were 
present between attacks unless septicaemia had set in (Drinker, Field, Ward and Lyons, 
1935) ; reports of failure to find them later in an attack have mislead myself and others 
into the conclusion that its cause was helminthic. Again, when Drinker and his associates 
injected (in unit amount of 0-3 c.cm. per kg.) a culture fluid of this streptococcus, they 
caused fever and leucocytosis in normal dogs when each unit had in it 33,000,000 strepto- 
cocci, in an elephantoid dog when it had S only. 

Elephantiasis may make a dog 4,000,000 times more susceptible to 
haemolytic streptococci than is a normal dog. Moreover, on that composition 
of lymph which best makes for elephantiasis the Boston work has shed much 
light. 

The percentage of protein in the hind leg lymph of fifteen normal dogs was between 
0'7 and 5-71 with mean of 1-S4 (Drinker and Field, 1933, p. 72), Its mean in the blood 
serum of eighteen dogs was 7-33. These writers hold that from all blood capillaries 
there pass into the tissue-spaces water, salts and sugar in the concentrations in which they 
are present in the blood, and that these readily pass back into the blood stream ; proteins 
pass out of blood capillaries with difficulty and do not get back. Accordingly “ if 
lymphatic obstruction occurs in the presence of a normal blood circulation, an abnormally 
high concentration of tissue fluid protein must result. ... It would be of interest to 
obtain true lymph from cases of elephantiasis.” Later they (Drinker, Field, Heim and 
Leigh, 1934) did so from fifteen dogs deliberately made elephantoid, and its percentage 
of protein was from 2-25 to 4-58 (mean 3-61), and disintegrating cells were always plentiful ; 
with lymph obstruction the percentage of protein in tissue fluid was doubled. 


*After reading this O’Connor comments, “ In 1784 in his ‘ Glandular Diseases of 
the Barbados,’ Hendy emphasizes this fact, describing cases and giving confirmative 
results of a questionnaire which he sent to his colleagues in the island.” 

E 
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‘The significance of this (Drinker, Field and Homans, 1934) is that 
tissue fluid with a high protein content and with disintegrating cells is a culture 
medium giving excellent growth of connective tissue cells in vitro, in other words, 
a plentiful end-supply of fibroblasts.* But in Bancroftian filariasis the conditions 
will presumably make for an even better culture medium for fibroblasts since 
microfilariae are undergoing dissolution in lymph nodes with, surely, the setting 
free of more protein and so the quicker growth of fibroblasi s ; and when in 
addition there is acute inflammation this is more so. 

As Drinker and Field (1933, p. 106) put it, “ As a region becomes inflamed the blood 
capillaries dilate and undergo an increase in permeability which may readily be so great 
as to permit the outflow of blood plasma. . . . From a region of inflammation it is easy 
to collect a large volume of lymph which is extremely rich in protein.” This explains 
how it is that though elephantiasis may come on without inflammatory attacks, its progress 
is much quickened by them. So there is set up a vicious circle, increased obstruction 
making conditions better for increased fibrosis, and-this in turn causing more obstruction. 

But there is another side, true for dogs and presumably for man — the 
effect of leaks of lymph from an elephantoid limb. “ In some animals they 
have been so persistent and extensive as to keep the protein concentration 
of the oedema fluid very low, and in such cases the permanent fibrotic enlarge- 
ment of the part is not impressive.” (Drinker, Field and Homans, 1934.) 
The deliberate production of leakage in man to prevent increase in elephantiasis 
means steady loss of protein and the opening up to streptococci of a tissue with 
lowered resistance to them. This condition was clearly present w'hen Sampson 
Handley (1909) made lymph from an elephantoid leg drain into the lymphatics 
of the iliacus along the track of silk threads leading up from the foot ; the 
circumference of the ankle lessened by a third, but acute inflammation soon set in. 

There is then anatomical evidence that the reticulo-endothelial system 
effects great destruction of microfilariae before they get into the blood and 
that by this very act it becomes the cause of elephantiasis. 

III. — The Microfilariae Tide in Infection with Wuchereria bancrofti. 

As noted, the rise and fall of the microfilarial tide, it is held, are caused 
by different mechanisms, the rise by simultaneous timing of the cycle of parturi- 
tion in the mother worms, the fall by the arresting and destroying action of the 
reticulo-endothelium of the host. 

1. THE CAUSE OF THE RISE OF THE MICROFILARIAL TIDE. 

Though beyond the title of this paper, yet for clearness some account 
of this must be given. Briefly (L.ane, 1929) I came independently to the same 


*It seems reasonable to suggest that, in conditions so favourable for their development 
to fibroblasts, the mobile cells will mainly develop into these end cells, and that in this way 
there may come about a lessening of general phagocytic action, and so a greater opportunity 
for bacteria to gain a footing in the body. 
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conclusion as had IMyers (1881) that, contrary to the view of jManson, Micro- 
filaria baticrofti, wliich is anchorless, was unable to harbour by day in the great 
currents of the heart and big vessels ; nor did it do so in capillaries by some 
posture absent on a slide, or by some selective contraction of capillaries which at 
the same hour kept back Mf. baticrofti and let through Mf. loa and Mf. pcrsta/is ; 
moreover such a haunt was undiscovered after 50 years’ search ; again, for 
microfilariae to keep out of the blood when the vector is not biting was of no 
advantage to the species. So the conclusion was come to that the rise of the 
microfilarial tide in periodic Bancroftian filariasis was due to simultaneous 
parturition by female worms. This hypothesis was tested by O’Connor, whose 
findings have been clearly put by Minaian (1935b) in saying that there had 
been given “ a demonstration of periodic variation in the contents of the uterus of 
female W. baticroftihy O’Connor and his associates (1929, etc.). The same stage 
of development was invariably found in all female worms from the same host. 
This is timed so that the microfilariae arc all born about midday and shortly 
thereafter the uterus is found empty and the worm collapsed and wrinkled.”*' 
O’Connor’s evidence is based on material from the living or dead body with the 
times of operation or death spread, not yet quite evenly, over the twenty-four 
hours ; and it is that in the periodic infection a rapid parturition takes place about 
the same time in all female worms found in the same body or excised tissue ; and 
that there is a lag of 10 or 12 hours between the birth of microfilariae and their 
high tide in the circulating blood, its natural explanation being the slow carriage 
of microfilariae by the lymph current. When they are present in the blood at 
low tide, it may be that somewhere in the body this current is unusually slow, 
that some female worm has mis-timed her parturition, or, as will be seen, that 
the removing mechanism is overworked, the reticulo-endothelial system 
blocked. 


(?) The Significance of the Spent Worm. 

The stages of intra-uterine development seen by O’Connor are these. 

The emptied uterus and branches steadily fill from the ovaries until the condition 
is one of packed, parallel embryos anteriorly, embryos coiled in the egg membrane 
behind this and further back eggs less and less segmented. With parturition there are 
expelled with some suddenness straightened and still coiled embryos and even some eggs, 
all these may be seen in the nearest lymph node, and the mother worm becomes empty 
and spent. Then this 24 hour cycle begins again. 

It is because in periodic Bancroftian filariasis O’Connor has found that these 
changes take place in all female worms in the same human body about the same 
hour that the whole series has been traced and the significance of the spent 
worm made clear. 

*The wrinkling of the worm is perhaps caused by preservation and hardening for 
sectioning. 
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(A) The spent Worm in Infection with W. bancrofti in Fiji. 

Intra-uterinc development in the non-periodic form of W. bancrofti seems 
to go on in Fiji step by step as in the periodic form, but the worms in the same 
host do not, if one may say so, keep step. Bahr had not that help in recognizing 
the spent worm which O’Connor’s work has since given, and his puzzling 
Worm F. (Bahr, 1912) I judge to have been in this state. It was 50 mm. long 
and had in its uteri eggs but no more advanced states of intra-uterine develop- 
ment, and was classed as ‘‘adult ” in Table I, as “ apparently immature ” on 
p. 9, and as “ immature ” in Appendix V, p. 87. 

(B) The Spent Worm in Infection with Dirofilaria immitis in the Dog. 

D. immitis lives normally in the blood stream, and the young are born into 
the blood ; if so they will be seen in a large enough sample of it immediately 
afterwards. This is Hinman’s description (1935b) of the state of female worms. 
“ With the exception of only an occasional female which might be accounted 
for by immaturity or sterility, at any hour of the day including midnight, the 
females always contain tremendous numbers of active elongated microfilariae, 
as well as coiled embryos within the shell and also segmented and immature 
ova. . . . Thus it is concluded that in Dirofilaria immitis, contrary to Wuchereria 
bancrofti, no evidence of cyclical parturition has been found.” As the experi- 
ments were put through such evidence was surely impossible to get — for this 
reason. 

The curves (and heights) of the microfilarial tides in the two infections are very 
different (Fig, 3) -, in an ordinary biood sample there are at low tide in the first few of no 
microfilariae, in the second perhaps half as many as at high tide ; thus in the report of 
Warrington Yorke and Blackcock (1917), the numbers per cubic centimetre oi 
Mf. bancrofti at high and low tides were 12,850 and 50 (257 to 1), those of Mf. immitis 
given by Hinman (1935a) were 47,000 and 16,235 (3 to 1), and by Khaw and Cheu 
(1936) 16,000 and 2,600 (6 to 1). If then the rise and the persistence of the microfilarial 
tide in infection with D. immitis are caused by parturition of worms living in the heart*, 
that takes place at all hours but more so at that of high tide ; and, anatomically, spent worms 
will be found all round the clock, but mostly so at the hour of high tide in that particular 
dog. 

The essence of the matter is this. The presence of spent worms at certain 
hours is an important part of the evidence, accepted by Hinman, that the 
microfilarial periodicity of infection by W. bancrofti is due to parturition by 
mother worms ; yet he does not use it in considering the imperfect periodicity 
of infection with D. immitis, but puts down the emptiness of these worms 
to their youth or old age ; that conclusion surely may not be come to until the 


•Occasionally they have been reported from sites outside the blood vascular system. 
If identification was right there would in such cases be a lag between parturition and the 
appearance of microfilariae in the circulating blood. The need for care in drawing confident 
conclusions as to the cause of periodicity in this infection is great. The problem is not 
the simple one it has been thought to be. 
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likelihood that they are spent worms has been set aside ; that it seems, has not 
been done. The work of Khaw and Cheu ( 1936 ) on treatment of infection 
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Fig. 3. — ^Microfilarial tides measured in thousands of microfilariae to the cubic centimetre. 

The arrow indicates midnight. 

A. Mf. immitis in dog, after Hinman (1935a), Chart I. 

B. W. bancrofti in man, after Warrington Yorke and Blacklock (1917) Table 1 . 

With D. immitis is more important than they see ; their results from concentrated 
fouadin are given in enough detail to be of use here. 

Dogs to which the drug was given every other day lived through a full course of 
treatment ; from the blood of all of them microfilariae disappeared for good ; all were killed 
n to 221 days after treatment ; all then had living female worms in the heart ; and 
these worms had been sterilized, their uteri being always found empty ; the worms 
had become spent and remained so. There was in effect a series of controls ; ten dogs 
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^Yere given daily injections of the drag, microfilariae disappeared from the blood of all 
in 3 to 5 days, but in three dogs the symptoms of poisoning were so serious that treatment 
was stopped. Only in these three did microfilariae reappear in the blood — after 11,11 and 
126 days.* One was treated again and microfilariae again disappeared, this time for good. 
When these ten dogs died or were killed, there were living worms in all. but only in those 
two in rvhich treatment or re-treatment had failed to clear the blood of microfilariae were 
microfilariae present in the uteri of female worms ; in all other dogs female worms though 
living had empty uteri. 

Fouadin did not kill the larvae after they got into the blood, it damaged 
the ovaries of the mother worm so that they were not even formed ; it is a 
sterilizerf not a microfilaricide. Johnstone’s experiments (1936) must not 
be quoted against this. 

In all his four dogs microfilariae left the blood under this treatment ; three dogs died 
and when then examined worms were still living in two, but no mention is made of the 
state of the reproductive organs in any female worm ; the fourth dog showed microfilariae 
again after 1 18 days, so that, if re-infection can be excluded, this, taken with their reappear- 
ance after 128 days in the experiments of the Chinese writers, perhaps hints that sterilization 
by fouadin is temporary. If that is not accepted, must not the logical conclusion be that 
D. immitis passes young once in 4 months ? But that does not go with the belief that their 
reproductive life is so short that worms are commonly too young or too old to bear 
offspring. 

Temporary sterilization may be part of the explanation of the work of 
Noc (1923) on W. bancrofti in which intramuscular injections of amino-arseno- 
phenol caused disappearance of living microfilariae for a month only. If some 
drug can be found which permanently sterilizes W. bancrofti without risk, or 
perhaps without serious risk, to the host it has great possibilities even if not 
vermidical ; for if the evidence given has been fairly set out, microfilariae 
take their place beside the silica and quinine of the Boston workers as efficient 
producers of elephantiasis and are the essential causes in this infection of damage 
to body and hurt to mind ; so that if their formation can be stopped more 
safely than the mother worm can be killed, much of the great economic loss and 
mental distress caused by the infection will have gone. Though not ideal, this 
would be a great advance in tropical medicine. 

(ii) The Significance of Mf, bancrofti by Day in the Lungs 
and Great Vessels of Man. 

It is necessary to realize what confirmed Manson (1898) in the belief 
that “ during their diurnal absence from the peripheral circulation the micro- 
filariae retire principally to the larger arteries and to the lungs, where during the 
day they may be found in enormous numbers.” 


*The writers .suggest that there may have been reinfection in the last. 
fThe procreative state of the male worms is not noted, but if it had been on them 
only that that fouadin acted, the expectation would be that the ovaries would have gone on 
producing eggs and that the uteri would have been full of these, unfertilized and undeve- 
loped. 
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A man with marked and regular nocturnal periodicity killed himself with hydrocyanic 
acid at S.30 a.m., and at autopsy 6 hours later microfilariae were crowded in the lungs 
and “ vast numbers were found in smears from the inner surface of the carotid arteries ” 
(Manson, 1900). Of 7,844 microfilariae counted, the average numbers per slide were : 
lungs 675, carotid artery 612, heart muscle 122, brachial venae comites 28, spleen 1 , liver 2/3, 
bone marrow 0. Manson added, “ 'I'he preparations afforded no explanation as to how 
microfilariae continue to maintain their position in the blood current, or as to the forces 
determining their peculiar distribution.” 

Microfilariae do not maintain their position in the blood current by day 
and the forces which determine this peculiar distribution come into action after 
the host’s death ; for, as Bainbridge (1906) later showed, lymph may flow 
freely from the thoracic duct after death in certain conditions, and one of these, 
as Drinker proved (Lane, 1935) is death from cyanide. Drinker tested the 
point on two dogs, canulating their thoracic ducts and then killing them by 
intravenous injections of potassium cj'anide ; after the heart stopped the lymph 
flow went on, in one for 33 minutes and in the other for 97-5 minutes and in 
both it was markedly increased after death (Fig. 4). It may not be taken as true 
that these numbers mark the greatest lymph flow which may take place after 
death from cyanide. It follows that the finding of microfilariae in lungs and great 
vessels after death is no proof that they were there during life ; and when death 
has taken place from a poison which causes a great postmortem flow of lymph 
any such assumption has become doubly inadmissible. If in the man, whose 
examination confirmed Manson in his view, microfilariae had been present 
in the filarial lymph plexus (which had taken the place of the thoracic duct) 
at any time during the great postmortem and post-cyanide -lymph flow which 
we must now conclude there was, they would have been carried by it to those 
very positions in ^Yhich Manson found them. In persisting objection to this 
conclusion Low holds that microfilariae are most numerous in the thoracic blood 
vessels because these are their “ seat of selection.” He cites a Barbados 
blackbird in which these were twenty times as many in heart blood directly 
after death as in peripheral blood just before ; his St. Kitts case who died at 
10 a.m. and microfilariae were at autopsy found only in lung blood ; and another 
man in whom Mf. perstans was predominantly so in the blood of the lungs, heart 
and great vessels. In the first we are without knowledge of the habitats of the 
worms, whether in blood or lymph vessels, the possible periodicity of the micro- 
filariae and its timing if there was, or the effects that manipulations had on 
microfilarial distribution ; in the second and third, microfilariae were found just 
where the normal postmortem flow of lymph would have taken them had they 
been present in it during that flow. The real point is this. Is it possible for 
microfilariae to hold their place in a blood current many times greater than their 
own observed rate of progress (for in O’Connor’s sections they had been out 
in the full stream if their position during life was that existing after death) 
without any known means of doing so — because such is their wish } For it 
surely comes to that. Manson’s conclusions, based on the imperfect knowledge 
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of the time and backed by his great reputation, held back for some 40 years 
further research into the cause of microfilarial periodicity in Bancroftian 
filariasis. 



Fig. 4. — Postmortem flow of lymph in two dogs after death from intravenous injection 
of 1 per cent. K C N solution at the rate of I c.cm. per kg. 

Experiment done under Professor Drinker of Harvard University ; charts made 
from the protocols generously given me by him. 

C. Injection of cyanide. D. Heart stopped beating. 

Scales : 30 minutes, 10-minute intervals shown. 
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2. Till' CAUsr. or thk fall of thf: microfilaktai, tidf. 

As a possible explanation of the fall of a microfilarial tide whose rise was 
caused by parturition of female worms, I quoted (Lanf., 1929) Bahu’s experience 
(1912) that at body temperature Mf. hancrofti does not live outside man’s body 
for more than 12 hours. It is now clear tliat Bahr’s experience was incomplete. 
Microfilariae live longer than this at body temperature. If then the fall of the 
tide is caused by their death, the body is active in their killing ; and since it is 
the reticulo-endothelium which is thus active before they get into the blood, 
it is the probable agent in any killing afterwards. This idea will now be con- 
sidered from two aspects. (/) How docs it fit in with knowledge of the 
system’s working ? (tV) Is there visual evidence of such action ? 

(;') Fads explained by Blockage of the System. 

By injection of microfilariae into two series of animals, one with a blocked 
and one with an unblocked system, there is hope of a biological test of the place 
the system has in attacking helminths in the tissues — keeping in mind the three 
reser\’-ations about blockage. This has never been done, but the best explanation 
of observ’ations next considered seems to be such blockage — natural, or experi- 
mental but unintentional. 

(A) Effects of Injections of Microfilariae into Blood Vessels of an Optimum Host. 

(a) Injections of Mf. immitis into a dog. 

Hinman, Faust and de Bakey (1934) made at 5 p.m. a mutual exchange of about 
a third of the blood of Wo dogs of nearly equal weight. At that hour Dog A had 27,475 
Mf. imtnitis to the c.cm. of blood ; Dog B, which had none, received 3,846,500 (750 to the 
gramme of body weight or 9,000 to the c.cm. of blood volume*) and of the.se 3,538,780 
or 92 per cent, were never seen again ; the reasonable conclusion is that the unhypertrophied 
reticulo-endothelial system of Dog B was blocked by these huge numbers, so that 307,720 
survivors were able to live for a time in the new host as easily as on a slide, there being no 
mobile natural enemies to attack them in either case. But if an unhypertrophied reticulo- 
endothelium could kill these great numbers in this short time, it is unlikely that the many 
microfilariae in the circulating blood at low tide in a naturally infected dog (in which the 
system has had time for, and presumably has undergone, hypertrophy) are there because 
the system is always blocked, but likely that the rise and imperfect fall of the tide are due to 
imperfectly timed parturition. 

There was in these dogs a reversed periodicity on which the writers do not 
comment. 

On the day on which the exchange of blood was later made (at 5 p^m.), the numbers 
of microfilariae in the blood of Dog A at 3 a.m. and 9 a.m. had been 4/, 000 and 17,000 ; 
next da}^ at those hours they were 9,425 and 13,750. In Dog B the lowest and highest 
numbers on the day after the exchange were 175 at 3 a.m. and 425 at 1 1 a.m., though in 
Dog A the numbers had been at their highest at 3 a.m. and near their lowest at 11 a.m. 

♦Witts (1932) puts the blood volume of a man as 4,000 to 8,000 c.cm., or 1/17 to 1/9 
of body weight if this were 70 kg. In calculations in this paper the fraction is taken as 
1/12 in man and beast, and numbers of microfilariae are given per gramme of body weight 
as some measure of the size of the reticulo-endothelial system, and per c.cm. of blood as 
some measure of dilution in this. 
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If the blood was well sampled, the blood exchange had a great effect on the microfilarial 
periodicity whatever its mechanism. 

Again the microfilarial numbers in Dog A did not get back to normal for 
2 weeks and these writers’ comment is this ; — 

“ Daily production and destruction of microfilariae would have returned the count to 
normal within 24 hours.” No. Only if these huge losses and replacements of blood 
left unaffected the dogs, and so the worms of which the dogs are the sole environment. 
Of the bodily state of the dogs or on any change of the hours they slept the report is silent ; 
of the disturbed condition of the parasites as seen in their bewildered periodicity there is 
proof enough ; and for other worms, hookworms for example, the rate of oviposition 
may be greatly altered by the state of their only environment, the host. The conclusion 
quoted above holds good only if temporary removal of a third of its blood and its replace- 
ment later by blood from a different animal will certainly leave quite unaffected the animal, 
its blood and the worms that live in its blood. On available evidence we have no right to 
that assumption. 

All the published facts in this Dirofilaria experiment have natural explana- 
tions in a blocking of an unhypertrophied reticulo-endothelial system and in 
other disturbances of delicate physiological processes in host animals of whose 
effects on other parasites we have long known. 

(b) Injections of Mf. bancrofti into man. 

Important tests have been made by Murgatroyd, Knott and Rao. 

Murgatroyd (1933) injected 720,000 microfilariae into man (say 151 to the c.cm. 
of blood and 10 to the gramme of body weight) ; none were seen again, but they had been 
2 hours outside the body and some “ showed signs of commencing ecdysis,” and this, he 
felt, may or may not have influenced results. 

Knott (1935) in the Virgin Islands, where Bancroftian filariasis is endemic, injected 
microfilariae into eight persons, here numbered 1 to 8. Before injection he found no 
microfilariae in Nos. 1 to 6, but they were present in Nos. 7 and 8. Into Nos. 1, 2 and 3, 
in whom he saw no physical signs of infection, he injected respectively 625,000, 1,120,000 
and 870,000 microfilariae (say 114, 186 and 145 to the c.cm. of blood and 9, 16 and 12 to the 
gramme) ; in two, none were seen after the first few minutes, in the third there were some 
in two films made 48 hours later. Nos. 4, 5 and 6 had physical signs ; No. 4 with 
enlarged inguinal and subinguinal lymph nodes, orchitis and funiculitis, had 850,000 
microfilariae injected (say 141 to the c.cm. and 12 to the gramme) and all disappeared at 
once ; No. 5 had the same signs and elephantiasis of the arm and leg, had 875,000 micro- 
filariae injected (say 145 to the c.cm. and 12 to the gramme), 20 minutes later 12 were 
present to the c.cm., and 2^ days later three unsheathed ones in 10 c.cm. ; No. 6 had 
(when examined later) hydroceles half way down the thigh, was given an injection of 
700,000 microfilariae (say 116 to the c.cm. and 10 to the gramme), microfilariae were seen 
for about a week in average numbers of 21-8 to the c.cm., and there was one in 10 c.cm. 
of blood on Day 14. Those persons with microfilariae had blood drawn at night, 
kept at room temperature (84° F. : 28-9° C.) till mid-day and reinjected* ; in No. 7, 
2,000,000 microfilariae (say 333 to the c.cm. and 29 to the gramme) were reinjected at a time 
when the blood had 245 to the c.cm., and in five samples taken within the next hour the 
mean number was 258 ; No. 8 had 900,000 (say 150 to the c.cm. and 13 to the gramme) 
reinjected when the blood had 45 to the c.cm., after 10 minutes the rate was 135 and after 
2^ hours 35 ; in these persons 2,000,000 and 900,000 microfilariae quickly disappeared. 

SuNDAR Rao (1936) injected citrated blood and 120,000 microfilariae (say 22 to the 
c.cm. and 2 to the gramme) into a vein of a volunteer of the same blood group ; none were 
seen again in many examinations. 

*Knott then seems to have felt that Murgatroyd was over-cautious in hestitating 
to draw conclusions, because of a delay even of 2 hours before reinjection of blood. 
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Kn'OTT’s injections were made in an endemic area, and absence of micro- 
filariae in the blood is no proof of absence of infection, indeed in this small 
scries a later examination showed hydroceles reaching half way down the thighs 
in a man who had been thought at the time of injection to be free from all signs 
of filariasis. In fact, one cannot be reasonably sure that any of the persons 
was free from infection and so presumably had an unhypertrophied reticulo- 
endothelial system. In an endemic area it is quite impossible for there to be that 
essential control of single factors (Lane, 1927) which may be expected in a non- 
endemic area, and Ml’RG.atroyd's experiment is the only one reported outside 
an endemic area. The reasonable explanation of Knott’s experiments is 
that, in all but one, the reticulo-cndothelial system was able to deal with 
injected microfilariae, in Xo. G it became temporarily blocked ; of Sundar Rao’s 
that the reticulo-cndothelial system was not blocked. 

{B) Injections of Microfilariae into a Non-optimum Host. 

Mf. bancTofti in citrated human blood was injected by Low, Mansox-Bahr and 
Walters (1934) into the hearts of two guincapigs weighing 150 gramme.s each ; taking 
their blood volume as 12-5 c.cm. and making allowance for the quantity of blood injected 
they were given microfilariae at the rate of about 19,000 and 10,300 to the c.cm. or 1,700 
and 900 to the gramme and these disappeared at once from the circulation because, so 
it was held, they were dissolved in an incompatible blood ; no test was made to see if they 
did in fact dissolve in guincapig’s blood in vitro. On such uncontrolled reasoning rabbit’s 
blood should be equally incompatible and solvent, for when Sundar Rao (1936) injected 
into these animals human blood containing Mf. bancrofti in unstated numbers, none were 
seen again ; yet I have as controls slides made by O’Connor of the organs of rabbits which 
had had injections of such blood, and in them the microfilariae are obvious ; there was in the 
guineapigs an immediate removal from the circulation, not a solution. A disappearance 
of this sort is common equally to optimum and non-optimum hosts and it is not permissible, 
without a test, to put it down to solution in incompatible blood in the second group, seeing 
that it certainly is not so caused in the first, 

{ii) Microfilarial Destruction Causes no Protein Shock. 

Of microfilarial death as a cause of the fall of the microfilarial tide Low, 
jNI.anson-B.ahr and Walters (1933) say “ A massive destruction such as that 
postulated would have to be sudden and swift, and the liberation of this amount 
of foreign protein, one would imagine, would be liable to produce considerable 
reaction in the human body — a species of protein shock.” Further knowledge 
has shown that destruction of microfilariae does not cause protein shock. 

WTien Hinalan, Faust and de B.akey injected 3,846,500 of them into a dog with 
immediate disappearance of 3,538,780 there was no protein shock ; when Murgatroyd 
injected 720,000 into man with their immediate disappearance, there was none ; when 
Knott injected 625,000, 1,120,000, 870,000, 850,000, 875,000, 700,000, 2,000,000 and 
900,000 into man with their immediate disappearance in every case but one there was none. 
Even when adult D. imniitis was killed by fouadin, Johnstone (1936) says of work by 
Wright and Underwood, “ They found that the killed worms were eventually absorbed 
in the parenchyma of the lungs and in most cases the host could take care of the foreign 
protein of the dead worms with no marked reactions ” ; and Johnstone himself with the 
possibility in mind makes no mention of protein shock in the four dogs he so treated. 
Further this objection ignores what takes place in every natural infection, for as had been 
made clear there is destruction of microfilariae before they get into the blood. It must be 
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taken as great, for O’CoivNOR’s uncontradicted work shows that a female worm empties 
her uteri daily ; it must be long-lasting if the considerations put forward as to the latent 
period are right. Yet no protein shock has been reported with all this . 

There seems no reported instance of protein shock from massive destruction 
of microfilariae by the body before or after they have got into the blood. 

{Hi) The Mechanism of the Fall of the Microfilarial Tide and its Site. 

Microfilariae are destroyed by reticulo-endothelium before they get into 
the blood, and the outcome of much experimental work is what it would be if the 
same system destroyed them after they have ; so this question arises. Is there 
any visual evidence that destruction is the cause of the fall of the microfilarial 
tide. There is little ; yet convineing evidence is apt to be little when not 
looked for. But first it is well to go over several conditions helpful or needful 
for the drawing of safe conclusions when testing the supposition under 
consideration. 

(1) A double mechanism will be in action as the cause of the fall of the 
microfilarial tide, namely, physical arrest and chemical solution in that order, 
the former being shown in Sundar Rao’s experiment and O'Connor’s slides 
from the rabbit ; and both being seen in Dudgeon and Goadby’s experience 
(1931) with Staphylococcus aureus injected into the circulating blood, -when these 
were taken out of this within 5 minutes by polymorphs in the lungs but finally 
destroyed by Kupfer cells in the liver. (2) There will be no great enlargement 
of the tissue that destroys those microfilariae which have got into the circulating 
blood. It has been noted that before they do so they are destroyed in lymph 
nodes ; it is true that these last enlarge, but equally true that part, at least, 
of the not great enlargement is caused by varicosity of lymph vessels and not by 
increase of active tissue ; reticulo-endothelium, then, destroys microfilariae 
very efficiently before they get into the blood and presumably will be as efficient 
after thej^ have, so we must not look for bulky hypertrophy as a guide to any part 
or tissue concerned. (3) Any solution of microfilariae by the system must be 
rapid, if not they would pile up and have been detected years ago. (4) The most 
promising sites to search for this destruction are those where there is most of 
this tissue. (5) In a periodic infection the destruction will presumably have a 
periodicity, perhaps as clear as that reported by O’Connor for the worm’s 
parturition. 

Evidence for the last should be sought in persons in whom there are many 
microfilariae in the blood at high tide and few or none at low, where infection 
is heavy and periodicity definite. As to the first, a heavy infection will lessen 
labour of searching slides particularly as distribution of microfilariae in an organ 
may be patchy. As to the second, it is useless to look for periodic daily destruc- 
tion of all microfilariae if the blood does not show periodicity ; moreover, 
the presence of this must be established for each individual tested for it seems 
that in districts where periodicity is the rule, the usual complete fall of the tide 
may fail where infection is heavy — as would be the case were there some blocking 
of the reticulo-endothelial system. Before, then, full proof can be got of a daily 
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cycle of microfilarial destruction in periodic Bancroftian filariasis, it must be 
established that periodicity was present in all persons used for tests, these must 
cover many hours of the twenty-four, and they must be made in conditions as 
near to those of control of single factors as can be managed. 

It has been noted that the most promising sites to search for a daily cycle 
of microfilarial destruction arc those rich jn mobile cells of the reticulo- 
endothelial system, that is to say lymph nodes, connective tissue, bone marrow, 
liver and spleen. Since microfilariae come to lymph nodes by both lymph and 
blood and since the adults may be widespread in the body (O’CoNKOit, Golden 
and Auchincloss, 1930) it is, at present at least, difficult to say that any particular 
microfilaria has got to a node by blood. For the lymph-bathed connective and 
clephantoid tissues there is the same difficulty, and though there would be poetic 
justice did elephantiasis which the larvae have caused prove a means for their 
readier destruction, it is well to keep poetry and helmintholog\’ distinct. Bone 
morrow has, I believe, never been studied with this possibility in view ; it should 
be. The liver and spleen have been examined by O’Connor* in two persons, 
with the results now considered. 

S. Murdered “ about 1 a.m.” Few microfilariae were seen in blood vessels cut 
through in sections, the few present in the spleen pulp were not degenerate. 

H. Died at 1.15 a.m. from aortic disease having been in hospital for 3 weeks with 
dyspnoea, oedema of legs, ascites and restlessness ; he slept only for about an hour at a time, 
was semi-stuporous for the last week and cyanotic at death. Many microfilariae were 
present in blood vessels cut through in microscopic sections. Except for a healthy fringe 
of cells round hepatic lobules, the liver cells were degenerate while among them were most of 
the microfilariae seen in that organ. The structure of the microfilariae seen in the lungs 
was normal or, perhaps in some instances, only nearly normal. On the other hand, many 
of those in the spleen and liver were markedly changed, with nuclei scattered, poorly 
stained or ring shaped, and the whole body swollen with local bulgings and kinks ; there 
were no cell collections round them in either organ ; the probability has, I think, to be 
kept in mind that some at least of these degenerate microfilariae in the liver may have 
drifted there in the splenic and portal veins and been filtered out. as .A.ugustine (1937b) 
concludes they may be in the frog. 

In these two examinations there was not, and could not have been, control 
of single factors, and in fact they differed in many particulars.! For instance, 
while the presumption is that the microfilarial tide was normally timed in S., 
in //.’s abnormal condition this is at least doubtful ; and without certainty as to 
this, no knowledge can be had that the normal curves of the fall of the micro- 
filarial tide and of microfilarial destruction are alike. Yet the conditions found 
in H. are significant in two respects. Firstly, the appearances of the degenerating 
microfilariae are the same as Augustine (1937b) reports from the frog, and 
secondly this very marked microfilarial degeneration was present in H. in the 

*The generous gifts by Professor F. W. O’Connor of Columbia University, New 
York, of sections from these autopsies and of the photographs which illustrate this paper, 
and his kindness in commenting on the typescript, lay me under a great obligation. 

-j-For this reason I hesitate at this time to put foiyvard as unquestionable confirmation 
of periodic microfilarial destruction the findings, especially in Postmortem I, of J. Anderson 
(1924, Res. Mem. Lond. Sch. trop. Med. 7 ; Pathology) ; for there was there the com- 
plication of septicaemia. 
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spleen and liver but not in the lungs. These two sets of facts seem definitely 
to put aside postmortem change as the cause of the degeneration and to form 
an urgent pointer to the need for close examination of these organs (and of the 
marrow) after deaths*, covering many hours of the twenty-four, in the search for 
evidence of a periodicity of microfilarial destruction as the ultimate cause (apart 
that is from immediate arrest) of the fall of the microfilarial tide. Though the 
evidence here put forward that this is so does not amount to proof, it shows 
that there is at times in man’s body that massive destruction of microfilariae 
which would be expected were this the cause of the fall of the microfilarial tide, 
and it points reasonably to an unblocked and probably hypertrophied reticulo- 
endothelial system as the agent here in action. 

In 1929, I gave reasons for the belief that Manson’s view of the cause of the 
microfilarial tide in Bancroftian filariasis could not be correct. There followed 
the expected refusal to accept a refutation of Manson’s opinion. Yet since 
then all new knowledge, so I judge, has added evidence for the truth of my 
view that timed parturition is the cause of the rise of the microfilarial tide, while 
during the intervening 8 years active critics have published no report of 
independent and open-minded work done on O’Connor’s great scale (or on 
any other) to confirm or confute his anatomical findings. His later examinations 
begin to shed light on the cause of the fall of the microfilarial tide, and it will be 
most interesting to see how much time will pass before adequate independent work 
is done to focus that light. Is the average lag in such cases 10, or is it 20, years ? 

IV. — Summary. 

In Bancroftian filariasis the rise and the fall of the microfilarial tide are 
caused by different mechanisms. There is now anatomical evidence, furnished 
by O’Connor, that the rise is caused by timed parturition of female worms, and 
here the significance of spent worms has been imperfectly grasped either as a 
normal daily event or as a result of their sterilization by drugs. The fall of the 
tide is caused by the mobile cells of the reticulo-endothelial system, for which 
statement the line of argument runs thus. When helminths enter the tissues 
of a host animal, it is these very cells which collect and attack them actively. 
For Bancroftian filariasis their presence was reported years ago, but their 
fundamental importance has been missed. They destroy microfilariae in 
lymph nodes before they get into the blood, and by their accumulation and their 
development to the end cell of the series, the fibroblast, they cause lymphati'c 
obstruction ; the lymph conditions then become those of a culture medium 
which may be four million times better suited to the haemolytic streptococcus 
than is normal lymph, and when infection with this bacterium has set in they 
become still more favourable for growth of fibroblasts and increase of 
elephantiasis. 

*11 may prove possible in certain abdominal operations to use for this investigation a 
“ simple and safe method of liver biopsy,” as was done by Campbell (1936), on the advice 
of Professor H. H. LoucKS of Peiping, to determine the relationship of schistosomiasis to 
Band’s syndrome. 
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When microfilariae liave got, or been put, into tlic blood, many events 
are those which would take place were the rcticulo-endothelial cells active in 
their destruction, the others those which would be seen were the system blocked 
by them ; these are taken up in detail, and it is shown, first that protein shock 
is not caused when injected microfilariae disappear from the circulation at once 
and for good, even by the million, and second that the remarkable post- 
mortem flow of lymph, which is caused by cyanide poisoning, would have taken 
any microfilariae in the post thoracic lymphatics to just those positions in the 
great arteries in which Manson found them in his now classical case; that he found 
them there after death is no evidence that they were there during the man’s life. 

Of anatomical evidence that destruction of microfilariae causes the fall of 
the microfilarial tide there is little — not surprising since almost no one has looked 
for it.. But in one of two cases sectioned by O’Con.nor there had been that 
massive destruction of microfilariae in spleen and liver which would be expected 
did the reticulo-endothelial sj-stem get rid of them daily. This finding calls 
for investigation of these organs, and of the bone marrow, after death has taken 
place at diiferent hours in persons in whom periodicity is known to have been 
maintained to the end, in order to see what relationship there is between the 
microfilarial tide and the extent of destruetion of microfilariae. Limited 
biopsy may help here. There is the possibility of great benefit to those with this 
infection were there found a drug which would safely sterilize, even if it could 
not kill, all female worms. A detailed and unbiased examination of the whole 
subject of the cause of periodicity is urgently needed. 
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In a previous communication (Broom, Brown and Hoare, 1936) it was 
shown that trypanosomes in the blood of infected animals can carry either a 
positive or a negative electric charge. A simple test for the determination of the 
sign of the charge, capable of being used in the field, was described. In the present 
paper the test has been modified for the study of the charge of trypanosomes 
in the tsetse fly. 

*This investigation has been made possible by the kindness of Dr. J. F. CoRSON 
who has sent us a regular supply of pupae of Glossina morsitajis from Tanganyika. 

F 



82 


ELECTRIC CHARGE OF TRYPANOSOMES. 


We have used in these experiments a strain of Trypanosoma briicei U.D. 
which, as we noted in our previous paper, was supplied to us by Prof. 
Warrington Yorke. While this work was in progress Professor Yorke informed 
us that this strain had lost its transmissibility by the fly. Our experiments, as far 
as they go, are in accordance with this. We have found no evidence of salivary 
gland infection in flies which have shown heavy gut infection up to 39 days after 
the infective feed. Altogether we have dissected 987 flies at intervals of 11 to 
39 days after the infective feed. Of these, 58 showed gut infection but there was 
no salivary gland infection. The fact that the cyclic development in the fly 
was incomplete has somewhat limited the scope of the present investigation 
as we were thereby unable to study the electric charge of the trypanosome 
throughout the entire cycle. We have, however, obtained certain data on the 
electric charge of the organism during its development in the gut of the fly. 

Technique. 

A tube containing three flies is applied to the shaven thorax* of a mouse 
showing a pure infection with either positively or negatively charged trypano- 
somes, and those flies which feed are separated and transferred to a larger 
cylinder. The flies are subsequently given the opportunity daily of feeding on a 
chicken and are finally dissected and examined after stated intervals. Separate 
chickens are reserved for the nutritive feed of flies originally infected with 
positively and negatively charged 'trypanosomes respectively. 

The strains in these experiments were obtained by infecting mice with 
single trypanosomes of known charge. 

The Determination of the Sign of the Charge in the Fly. 

In our previous paper we described a simple test for the determination 
of the sign of the electric charge of trypanosomes in the blood of infected animals. 
It consists of diluting a small quantity of blood containing trypanosomes with 
glucose-saline (one volume of normal saline and nine volumes of 4 per cent, 
glucose in distilled water). The mixture is allowed to stand for a few minutes 
and then examined under a microscope. Positively charged trypanosomes will 
be seen to be firmly adherent to the red corpuscles while the negatively charged 
are free. 

When studying positively charged trypanosomes at short intervals after 
ingestion by the fly we came to the conclusion that our previous technique 

*Flies were originally fed on the abdomen of the mouse but this proved unsatisfactory, 
as in certain cases the proboscis of the fly must have penetrated the alimentary canal of the 
mouse. In one fly, dissected 3 hours after feeding, various flagellates, Trichomonas, Giardia 
and Hexamita were found in the gut contents. Preparations showing these intestinal 
flagellates from the gut of the fly were demonstrated by Dr. Wenyon at a laboratory 
meeting of this society (see this number of Transactions, page 7). 
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would have to be modified. We found that these trypanosomes, presumably 
still positively charged, behaved in the salt-concentration test as though they were 
negatively charged. 

The following experiment shows that this effect is due to the action of the 
secretions present in the fly. 

Three flies were fed on normal uninfected mice and dissected 24 hours later. 
The intestinal contents together with the gut were broken up in 0-5 c.c. of 
glucose-saline and this ingested red cell suspension was used as shown later. 
As a control, blood from a normal mouse was taken directly into citrated saline, 
the cells were washed twice and resuspended in glucose-saline. This provides 
the normal red cell suspension. The blood of a mouse infected with 
positively charged T. brucei was taken into citrated saline and centrifuged slowly 
to throw down the red cells. The supernatant fluid containing the trypanosomes 
was then centrifuged rapidly and the deposit of trypanosomes resuspended in 
glucose-saline. 

Thus we have three reagents, all suspended in glucose-saline : — 

(1) Ingested red cell suspension. (2) Normal red eell suspension. 
(3) Suspension of positively charged trypanosomes. 

When (2) and (3) were mixed the trjfpanosomes were seen to be firmly 
adherent to the red cells, whereas when 1 and 3 were mi.xed, no such adhesion 
took place. From this it is obvious that the ingested red cell suspension 
has lost its power of giving adhesion with positively charged trypanosomes. 

In a second experiment the ingested red cell suspension was centrifuged 
and the supernatant fluid retained. The cells were washed and resuspended 
in glucose-saline. Washed, positively charged trypanosomes were added to 
these cells and were now seen to show strong adhesion. The supernatant fluid 
mentioned above, when added to normal red cells and positively charged 
trypanosomes, entirely prevented adhesion taking place. 

These two experiments show that the inhibition of adhesion which occurs 
when ingested blood is used is caused by the action of some constituent present 
in the gut of the fly. We came to the conclusion that this constituent is the 
secretion of the salivary glands which mixes with the ingested blood. We found 
that isolated salivary glands macerated in glucose-saline completely inhibited 
adhesion between normal red cells and positively charged trypanosomes. This 
appears to be in accordance with the finding of Lester and Lloyd (1928) who 
showed that the proventriculus and first third of the mesenteron are themselves 
inert in relation to coagulation of blood, but as removed from the normal fly 
they contain the anticoagulin which is derived from the salivary secretion. 

To overcome this interference we finally adopted the following procedure 
which makes the test applicable to the study of the electric charge of the 
trypanosome in the gut of the fly. The gut is macerated in about 10 c.c. of normal 
saline and the suspension is centrifuged slowly to throw down the coarser 
particles and red corpuscles, leaving the trypanosomes in the supernatant fluid. 
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This is pipetted into a clean tube and centrifuged rapidly to precipitate all the 
trypanosomes. The supernatant fluid is poured off and the sediment resuspended 
in about 15 c.c. glucose-saline. This suspension is again centrifuged rapidly 
and the supernatant fluid drained off. To the minute quantity of glucose- 
saline containing trypanosomes which remains in the tube is added a small drop 
of fresh normal mouse blood. This is more satisfactory than relying on 
irregular quantities of ingested red cells. The contents of the tube are then 
thoroughly mixed and after standing for a few minutes are examined with the 
microscope. As in the previous test positively charged trypanosomes are firmly 
adherent to the red cells while negatively charged trypanosomes are free. 

The Sign of the Charge of the Trypanosome in the Fly. 

In the case of flies fed on mice infected with negatively charged trypano- 
somes, the sign of the charge in the fly invariably remained negative. 

As regards flies fed on mice with positively charged trypanosomes the 
position is somewhat more complicated. Up to 12 hours in the fly the trypano- 
somes still carried a positive charge. Thereafter an increasing percentage of 
trypanosomes became negatively charged. After 48 hours only very few posi- 
tively charged trypanosomes remained and at 72 hours only negatively charged 
trypanosomes could be found. When, however, mice were injected with the 
gut contents of these flies, originally fed on positively charged trypanosomes, 
any infections which resulted were always due to positively charged trypano- 
somes. There would appear to be two possible explanations of this : (1) The 
positively charged trypanosomes which had become negative in the fly reappear 
in the mouse as positively charged. (2) The infection in the mouse is due to the 
survival of a few positively charged trypanosomes which, owing to their small 
numbers, were not detected when examining the gut contents of the fly. 

We hoped to be able to prove this point by injecting mice with single 
trypanosomes whose charge we had determined, but after 48 hours the infection 
in the fly becomes so scanty that this has proved impossible. This is due to the 
fact that in isolating single trypanosomes fi'om suspensions containing red cells 
it is necessary to dilute until there are very few cells in the droplet, otherwise 
a single trypanosome might be obscured. When only very few trypanosomes are 
present originally this procedure is impracticable. 

Period of Infectivity in the Fly. 

The length of time that trypanosomes remain infective in the gut of a fly 
is well known, but we thought that it would be interesting to test whether there 
was any difference in this respect between positively and negatively charged 
variants. As is shown in the table, infection takes place in both cases up to 
72 hours, but not at 96 hours. 
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PERIOD OF INFECTIVITV 


IN THE GUT OF THE FLY AND CHARGE OF SUBSEQUENT 
INFECTION. 


Period in Fly. 

Number of Mice 
Inoculated. 

Number showing 
Infection. 

Charge of 
Trypanosome. 

TnvPA' 

24 hours and less 
4S hours 

12 .. 

9G .. 

vosoMES Originally Positively Ciiargeo. 

Positi\e 

21 . .5 i 

93 i si” 

12 ! 0 j 1 

_! 1 

Trypanosomes Originally 
24 hours and less I 

4S hours ' ;}o 

72 „ I IS 

90 „ j 21 

1 

Negatively Char 

13 

ir> 

1 

0 

GED. 

Negative 


CHARGE OF DEVELOPMENTAL FORMS IN THE FLY. 

In a certain number of instances, we have been able to determine the charge 
of trypanosomes present in the gut of the fly at intervals of 17 to 33 days after the 
mfective feed. Altogether twenty flies fed on positively charged trypanosomes 
from 17 to 28 days previously, and thirteen flies similarly fed on negatively 
charged trypanosomes from 17 to 33 days previously were examined. Irrespective 
of the original charge all the trypanosomes were found to be negatively charged. 
As we have already noted, no salivary gland infections were produced, but thanks 
to Dr. Corson having sent us other strains known to be transmissible by fly we 
hope now to be able to study the entire cycle. 

As it is known that infection can occasionally be obtained with the gut 
forms, we inoculated mice on thirty-six occasions with the intestinal contents 
of flies dissected at least 3 weeks after the infective feed. In only one instance 
was infection produced in the mouse. In this case the fly had been fed 22 days 
previously on positively charged trypanosomes and the infection which appeared 
in the mouse was due to trypanosomes of the same charge. Unfortunately the 

trypanosomes were so scanty in the fly that it was impossible to determine their 
charge. 
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Summary. 

1 . The salt-concentration test for the determination of the sign of the charge 
of trypanosomes has been modified to make it applicable to the study of the charge 
of the developmental forms in the tsetse fly. 

2. Negatively charged trypanosomes in the infective feed remain unchanged 
in the gut of the fly. 

3. Positively charged trypanosomes become negatively charged after 
approximately 24 hours. 

4. Trypanosomes of positive or negative charge retain their infectivity 
in the fly for the same length of time — namely, about 72 hours. 

5. Developmental forms are all negatively charged. 
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STUDIES ON THE INTESTINAL PROTOZOA OF RATS. 
L— RATS AS CARRIERS OF DYSENTERIC ENTAMOEBAE. 

by 

G. W. EPSTEIN, M.D.* 

AND 

A. AWAKI.A.N, M.D. 

Mctchiikoff Institute of Infectious Diseases, Moscozu. 


Although the amoebic fauna of rats has been studied by numerous authors, 
amongst whom may be mentioned Wenyon, Kofoid, ICessel and Epstein, 
there is still disagreement concerning the normal amoebae of the rat’s intestine. 
A^aiydng descriptions of the amoebae encountered in the rat have been given, 
and they have been placed in a number of different genera. 

Lynch (1915) was the first to find spontaneous dysenteric amoebiasis in a 
wild rat in Charleston, U.S.A. The rat had been caught in the negro district 
of that city, in a house without any drainage system, the basement being used 
instead of a water-closet by the inhabitants of the house. The author also 
reported several cases of human amoebic dysentery in this district, apparently 
of local origin. Caecal lesions, characteristic of amoebic dysentery, were found 
by him in the naturally infected rat. He identified the amoeba on morphological 
grounds as Entamoeba histolytica Schaudinn. In order to confirm his con- 
clusions, Lynch fed rats with human faeces, containing cysts, an experiment 
which was successful in producing infection. 

The findings of Lynch were criticised (Chatton, 1917 ; Dobell, 1919 ; 
Kessel, 1923) on the ground that he had limited himself to a morphological 

*Prof. G. W. Epstein died while this w'ork was in progress. 
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description of the vegetative form and had made no mention of the typical 
quadrinucleate cysts of E. histolytica. Furthermore, it was claimed that he did 
not study the biology of the amoebae from the rat and had not infected susceptible 
animals nor attempted to make cultures. 

However, 4 years later Brug’s observations in Java corroborated the 
conclusions of Lynch while Chiang (1925) reported the finding in seven white 
rats of amoebae, having a diameter of 12 to 30^, which could be readily cultivated 
in the medium of Boeck and Drbohlav. The author found in preparations 
stained with Heidenhain’s iron haematoxylin that 60 per cent, of the amoebae 
showed nuclei with a central location of the karyosome, while in the rest of the 
amoebae the karyosome was slightly eccentric. The cytoplasm contained numerous 
bacteria. In addition to the trophozoites were found one-, two- and four- 
nucleate cysts, 10 to 13/i in diameter. The nuclei in these cysts structurally 
resembled those of the encysted stages of E. histolytica. The cysts contained 
chromatoid bodies varying in size and shape ; in no case however did they have 
the form of a rod with rounded ends, which is typical of these bodies in 
E. histolytica. The author succeeded in infecting rats with cultures of these 
amoebae, but the infection produced no apparent clinical symptoms. On the 
other hand five kittens, out of a total of eight inoculated, became infected and 
showed symptoms of dysentery. One of the kittens showed during life amoebae 
containing phagocyted red cells, but no lesions were found in its intestine 
at autopsy nor were amoebae found in histological sections. 

Chiang succeeded in producing amoebiasis in rats both by feeding them 
on faecal material from a human cyst-carrier and by injecting them rectally 
with material from an infected kitten. From these rats he transferred the disease 
to kittens and produced amoebic dysentery, the amoebae invading the mucous 
membrane. The author concluded that the results of this investigation incrimi- 
nate the rat as a possible carrier of E. histolytica, the causal agent of amoebic 
dysentery. He regards the amoebae found by him in rats as a distinct type of 
E. histolytica. 

Of the numerous studies on experimental amoebiasis of rodents we consider 
it necessary to refer to the reports of Kessel (1923a and b, and 1924) on 
amoebiasis of rats. This observer studied the normal amoebae of the rat, 
elaborated a technique for the experimental infection of these animals and for 
obtaining them amoeba-free, determined the degree of their susceptibility 
to amoebic infection and the duration of such an infection when once established. 
He succeeded in infecting rats with five species of human intestinal amoebae. 
The conclusion which he finally draws is : “ The findings of this investigation 
afford evidence in favour of the morphological constancy of species of parasitic 
amoebae, under conditions of change of host, and of the possibility of transfer 
of one species of parasitic amoeba from one species of host to another. Con- 
sequently heavy suspicion is thrown on the rat and mouse as possible carriers 
of the causative organisms of human amoebiasis.” 







Fig. 1 


Fig. 2. 


Fig. 3. 




Fig. 4. 


Fig. 5. 


Fig. S. 

Figs. 1-5. Cysts (with 1, 2 and 4 nuclei, and chromatoid bodies) of Entamoeba 

histolytica from naturally infected rat. 

Figs. 6-S. — Active forms of E. histolytica from naturally infected rat. 



To face page 83. 
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The Discovery of Entamoerae in Moscow Rats. 

For the purpose of studying the normal protozoa of rats, we investigated 
515 wild rats (A'ltis decumamis — Rattus uorvegicus) from about thirty separate 
sources, distributed throughout the ten districts of Moscow, with the result 
that 6 to 7 per cent, were found to be carriers of various species of Entamoeba^ 
among which the E. viiiris type was the prevailing one ; certain saprophvtic 
amoebae were also encountered (Epstein, Matevosian, 1926). In addition 
to the wild rats our material included ninety white laboratory rats. Of these 
90 per cent, showed infection with entamoebae of the E. muris type. (In 
Kessel’s material 34 per cent, of white laborator}' rats harboured amoebae.) 
Our white rats were obtained from six different sources, and their ages varied 
greatly, from that of sucklings to old adults. The rats were killed and the 
intestinal contents examined immediately while fresh. Not less than three 
stained preparations on cover slips stained with iron haematoxylin were made 
from each. Cultures of the entamoebae were also made from every positive 
case in the medium of St. John and Boeck-Drbohlav. 

Entamoebae of the E. muris type were found both in white laboratory 
rats and in wild rats. 

Apart from amoebae belonging to the genus EfUamoeha, we encountered 
much more frequently representatives of the genera lodamoeba and Endolimax. 
Moreover we found in eight wild rats from one source a ciliate, morphologically 
indistinguishable from Balantidium coli of human origin. The description of 
these findings forms the subject of a separate report.* 

In seven wild rats, i.e., in 1-3 per cent, of our total material we found 
entamoebae which could not be distinguished from E. histolytica Schaudinn, 
1903, either morphologically, or biologically (Figs. 1-8) ; they are probably 
identical with those found by Lynch (1915) and by Chiang (1925) in North 
America, and regarded by them as a separate variety. 

Of these seven wild rats, two had been captured in the grounds of the 
Moscow Zoological Garden, four in a big house in the central part of the city, 
and one in a house in which we had found two cases of human amoebic 
dysentery. As in Lynch’s case, the infection bore a focal character, but unlike 
the case described by Lynch, our rats did not show any symptoms attributable 
to this infection. Only vegetative forms were found in the rats caught in the 
Zoological Garden. Many of the amoebae possessed an easily distinguished 
hyaline ectoplasm ; they did not, however, show the characteristic locomotion 
and the nucleus could only be recognized with difficulty. 

In stained preparations the amoebae did not differ in any way from typical 
E. histolytica. Their nuclei (Figs. 6-8) were large, reaching 4-5 to 5ju. in diameter 
with a central karyosome, and poor peripheral chromatin; fine chromatin granules 

*In this number of the Transactions p. 93. 
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often formed a crescent. As regards food inclusions, only bacteria were found. 
Entamoebae of the E. histolytica type were not found in white rats. 


Experimental Infection of Kittens. 


Cultivation in St. John’s medium produced abundant growth of typical 
motile entamoebae, indistinguishable from E. histolytica either by the character 
of their nuclei and cytoplasm or by the formation of broad hernia-like pseudo- 
podia. 

Two kittens (Kittens 3 and 5), inoculated with the second subculture of 
these amoebae, developed typical amoebic colitis. Numerous entamoebae 
showing the typical locomotion of E. histolytica and large vacuoles with 
phagocyted red cells were present in their sero-sanguinous excreta. Certain 
amoebae showed chromatoid inclusions. 

From the faeces of these infected kittens, both of which died, the entamoebae 
were again transferred to artificial media, and a culture was obtained which on 
the 5th day produced typical quadrinucleate cysts. Acute hyperaemia and 
punctate haemorrhages of the colon were found at autopsy. In histological 
preparations entamoebae were seen to have invaded the mucous membrane. 

PROTOCOLS. 

Protocol 1. — Kitten 3 was inoculated per anum with the culture obtained from Rat 189 
on 9.5.35. Infection could not be established either microscopically or culturally till 
15.5.35 when the kitten began to suffer from diarrhoea, the faeces being liquid and sero- 
- sanguineous. Microscopical examination showed amoebae with phagocyted red blood cells. 
The number of stools exceeded thirty during the day. The kitten died the same evening. 
At autopsy the lungs and liver were seen to be unchanged but the colon was hyperaemic 
and marked with punctate haemorrhages. In sections of the colon amoebae were found 
in the superficial layers of the mucosa within the epithelial lining, which showed necrobiotic 
changes and desquamation in the areas invaded by the entamoebae. 

Protocol 2. — Kitten 5 was inoculated per anum on 20.5.35 with culture obtained 
from Rat 281. On 21.5, 22.5 and 23.5 infection could not be established either clinically, 
microscopically or culturally. On the 23rd the kitten was inoculated for the second time 
with the third subculture of the same strain. On 25.5.35 the kitten passed a drop of sero- 
sanguineous liquid. In this motile amoebae were found. During the following 12 hours 
the kitten passed fifteen or sixteen liquid stools. On the following day (26.5.35) the kitten 
had become very thin and it died towards the evening. At autopsy the colon was seen 
to be markedly hyperaemic and dotted over with punctate haemorrhages ; it contained 
sanguineous mucus in which were found numerous motile amoebae, with phagocyted 
erythrocytes. Attempts to infect two other kittens (Kittens 6 and 7) with material from 
Kitten 5 failed. In sections of the colon amoebae were seen to have penetrated deeply 
into the mucous membrane. 

In three of the four positive rats from the second source we found typical, 
motile amoebae, identical with those found in the rats from the first source. 
Besides this we found in them numerous cysts with a diameter of 13 or 14/i 
and indistinguishable from those of E. histolytica. They possessed 1 to 4 
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nuclei and contained the characteristic chroinatoid inclusions (Figs. 1-5). In 
Rat 441 precystic forms were also found. 

These amoebae were also cultivated and the cultures proved to be 
pathogenic for kittens. From the contents of the caecum of one of these, a 
culture of entamoebae was isolated, the third subculture of which produced 
typical quadrinucleatc cysts, 12 to 14/i, in diameter. 

Protocol 3. — Kitten S was inoculated on 19.6.35 with culture obtained from Rat 441. 
Motile amoebae with broad hyaline pscudopodia and included red blood corpuscles were 
found in the faeces of this kitten on the 3rd day. The kitten was sacrificed and at autopsy 
numerous punctate haemorrhages and small ulcers of the colon were found. In sections 
entamoebae were found both in the superficial and in the deep layers of the mucosa, while 
the tissues invaded by the entamoebae showed necrotic changes. 


Summary and Discussion. 

In addition to saprophytic amoebae, we' have found in several wild rats in 
Moscow entamoebae which resemble very closely E. histolytica both in the 
vegetative and the encysted stages. The cysts were quadrinucleatc, had a 
diameter of 12 to 15 fj-, and possessed characteristic chromatoid bodies. They 
differed in no respect whatever from the cysts of the human entamoeba. 
Cultures showed complete identity with those of typical E. histolytica ; and with 
them kittens were successfully inoculated, the resulting infections being 
indistinguishable both clinically and pathologically from those produced by 
human strains of E. histolytica. 

It must be noted that this is the first time that entamoebae indistinguishable 
from the human E. histolytica have been discovered in wild rats in Europe. 
The cases had a focal character, for the seven spontaneously infected rats 
belonged to only three of more than thirty rat colonies investigated. 

As in Lynch’s case, so in one of our cases in Moscow, the house in which 
the rats were caught had no drains. A thorough examination of all the 
inhabitants of the house revealed two cases of amoebic infection in one family 
(chronic in the father, and acute in his 5-year-old daughter). It was not possible 
to establish any connection between these cases and the endemic foci of amoebic 
dysentery in U.S.S.R. (Transcaucasia, Middle Asia and the Far East), or any 
contact with people who had arrived from such localities. On the other hand 
-there was a very close association with rats. The family had no cupboard 
and food was left overnight on the table ; the water was kept in an open bucket. 
Rat excrement was present on the table and in the drawers. Investigation 
of the intestinal protozoa of the inhabitants showed a close similarity to those 
of the rats infesting the house. Besides E. histolytica described above, we found 
all the inhabitants of the house and all the examined rats to be carriers of 
Giardia, Trichomonas and Hymenolepis nana. The last named is known to infect 
human beings as well as rats and it is possible that the human intestinal 
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flagellates may also find these animals to be suitable hosts. From the observa- 
tions recorded in this paper we consider there is some justification in regarding 
rats as carriers of the causative agent of amoebic dysentery which may be 
transmitted from them to human beings. 

The introduction of the rat factor into the epidemiology of amoebic 
dysentery provides one explanation of the so-called autochthonous cases of 
amoebic dysentery in countries with a moderate or cold climate, i.e., cases in 
w^hich every connection with the endemic foci of the disease can be excluded, 
and the origin of which has hitherto often remained far from clear. It must 
be admitted, however, that the chief transmitter of amoebic dysentery is the 
human carrier of E. histolytica-, but the role of rats, though it may be of secondary 
importance, must be taken into consideration by epidemiologists interested in the 
spread of amoebiasis. 
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STUDIES ON THE INTESTINAL PROTOZOA OF RATS. 
II.— RATS AS CARRIERS OF BALANTIDIUM. 


by 

.\WAKI.A.N, M.D. 

From the Mctchuikoff Institute of Infectious Diseases, Moscozv. 


Historical. 

Only one of the nine species of Infusoria recorded from the human intestine 
is pathogenic for man : Balantidium coli A'lalmst., 1S57. According to 
Leuckart, Leeuwenhoek was the first to discover Infusoria in human faeces 
in 1722. A'L\lmsten found probably the same Infusoria in 1857 in the stool 
of a patient suffering from severe diarrhoea. Due to its morphological resemblance 
to Paramaecium it was given the name of Paramaecinm coli syn. Balantidium coli 
Stein, 1862. Soloviev (Tomsk, 1901) was the first to prove that Balantidium 
penetrates into the intestinal wall and to show its aetiological role in certain 
cases of dysenteiyL Rschanitzin (1925) published a very detailed account of 
the pathogenesis and the patholog}' of balantidiasis. 

Balantidia are widespread in the animal world. They have been recorded 
from thirty-three different hosts : (man, monkeys, pigs, wild boars, sheep, 
horses, bovines, guineapigs, fowls, fish, turtles; frogs, cockroaches, etc.). 

The balantidium of the pig is morphologically similar to B. coli Malmst., 
therefore, great epidemiological significance has been ascribed to it. Leuck.art 
(1861) was the first to report that domestic pigs were carriers of balantidia. 
Brumpt in Paris found balantidia in every fifth pig examined. Zhegalov 
in Leningrad found that 25 per cent, of pigs were carriers of this ciliate ; while 
Kapshidze in Tiflis found it in two-thirds of all the pigs examined. A similar 
figure (66-25 per cent.) was obtained by Pritze (1928) from the examination 
of 400 pigs. 

Pigs are only carriers of balantidia, which never provoke in them any 
disease and do not penetrate the intestinal wall : balantidia may encyst in the 
pig’s intestine. In the case of man they provoke definite lesions, and do not 
encyst. 

The attempts of Grassi and Calandruccio, Wising (1885) and Ziemann 
to infect themselves with cysts from the pig were unsuccessful, and this has led 
to the assumption, that the balantidium of the pig was different from that of 
man. 

In the pig AIcDonald (1922) distinguishes two species which differ in shape, 
size, and character of the cytostome and of the macronucleus ; B. coli 
and B. suis. B. suis has an elongated shape, the anterior part of its body is wider 
than that of B. coli, and its longer cytostome extends in the direction of the 
vertical axis ; its macronucleus is sausage-shaped, it is thinner than that of 
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B. coli, and also occupies a longitudinal position. The length-width ratio of 
B. sitis is T58 to 2-7 (T99), that of B. coli T08 to T5 (T3). Hegner (1923) 
considers these distinctions to be only individual variations and not of specific 
value. In a later work, however, Hegner (1934) attempts to solve the species 
problem of Balantidium found in the various animals on the basis of measurements 
of the length, width and surface area of the parasites and of their nuclear 
apparatus. Dogiel and Gnesdiloff (1935) consider that size differences 
and variations of the length-breadth ratio depend on the parasite’s nutrition, 
i.e., on the amount of starch ingested by it. Recently Karibov (1936) in Tiflis, 
after 5 years’ study of the problem, expressed the opinion, that B. coli Malmst. 
and the balantidia of the pig are morphologically indistinguishable, thus corro- 
borating the views of Walker (1913), Wenyon (1926) and Brumpt (1927) 
on the identity of both parasites and on the pig’s role as reservoir of the causative 
agent of human balantidiasis. 

Literary data show that the history of most cases of balantidiasis includes 
contact with pigs. Some facts, however, remain inexplicable if one accepts 
wholly the " pig theory ” of the origin of human balantidiasis. Thus, for 
instance, no cases of balantidiasis of local origin have been, so far as I know, 
described in England, a pig-breeding country, while in Armenia, where there 
is scarcely any pig-breeding, balantidiasis is of relatively frequent occurrence. 
Tzaturian (1935) records twenty-four cases of balantidiasis in Armenia during 
the 7 years 1927-32, of which seven were in children. Of the twenty-four 
patients only two had been in contact with pigs. 

It may be supposed, therefore, that in addition to the domestic pig, 
there exist some other as yet unknown reservoirs of the pathogenic agent, 
Popov and Gnezdilov have found balantidia in wild boars, which are encountered 
in Armenian subtropical swamps. 

Balantidial infection in rats was first encountered by Noller (1926) in a rat 
caught in Berlin near a pigsty. This author, however, leaves open the question 
of species and connection with pig balantidia. 

Original Observations. 

In studying the intestinal protozoa of Moscow rats, we found balantidia 
in eight rats out of a group of twenty-seven (i.e., in 29 per cent.) caught in the 
Elephant House of the Moscow Zoological Garden. The spontaneously 
infected rats were outwardly healthy. No emaciation or weakness could be 
noted in them and no lesions of the colon were observed upon autopsy. The 
intestinal walls were of normal colour but perhaps slightly anaemic. There 
were no ulcers or haemorrhages of any kind in the colon, the contents of which 
were solid. The mucous membrane of the caecum was hyperaemic and in one 
of the rats we found here small ulcers with uneven borders. The contents 
of this rat’s intestine were liquid. 

Under the microscope, balantidia were found in enormous numbers in the 
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Fig. 4. 



Fk;. 1. — I3a!ant'dium in intestinal pland of spontaneously infected rat. (Af. decunintius). 
Fit;. 2 — Balantidjum from the rat. 

Fit;. 2. — Balantidium in submucosa of experimentally infected cuineapiR. 

I'lt;. -1. — Penetration of balantidium into mucous membrane of intestine (experimental 
infection in rat). 

Fit;. 5. — Formation of ulcer in intestine of rat, experimentally infected with balantidia. 
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contents of the caecum of all the eight rats. In histological sections balantidia 
were found in the caecal wall and in the lumina of intestinal glands. Phagocyted 
red cells were found only in the balantidia of the rat which showed ulcerative 
lesions of the caecum. 

In this animal balantidia occurred in the glands, and in the lymphadenoid 
tissue of the submucosa, usually without any reaction in the surrounding tissues. 
In some places, however, balantidia were surrounded by a zone of necrotic 
tissue, teeming with bacteria. (Fig. 1.) 

We were able to isolate cultures of balantidia in St. John’s medium for 
amoebae and Kiss’s special medium for balantidia from all the eight cases. 
The comparative morphological study of the cultural forms of those eight 
strains of balantidia of rat origin, of two human and five pig strains did not 
show any essential differences between them. 

The Balaiitiditnn from the rat (Fig. 2) has the same oval form as B. coH 
Malmst., a cytostome at the anterior and a cytopyge at the posterior end. As 
regards its structure, its cytostome and nuclear apparatus are similar to those of 
B. coli. The nucleus, usually bean-like, is more rarely sausage shaped. Some- 
times its long axis is parallel to the cytopharjmx, more often it is perpendicular 
to it. Measurements of the length and width of human, pig and rat balantidia 
(150 specimens of each) also did not reveal any essential differences. The average 
length of the Balaiitidhim from the rat was about 30/x, its width about 20/i ; 
the length-width ratio in one series was 1*06, in another IT. 

No balantidia were found in rats caught in other parts and buildings of the 
Zoological Garden. With a view to elucidating the possibility of a spontaneous 
transmission of balantidia from pigs to rats we examined fifty rats caught in 
four different pigsties. No balantidia were found in any of them. On the other 
hand, 200 pigs examined by us at the city slaughterhouse showed a 100 per cent, 
infection Mth balantidia. 

Experimental Balantidiasis. 

With the object of studying in more detail the biological character of the 
balantidia which we had found in rats, we carried out infection e.xperiments 
in white rats and guineapigs with the strains isolated from human subjects, 
pigs and rats. 

Besides the negative results (Grassi and Calundruccio, Wising, Ziemann) 
v.ith the experimental infection of men already mentioned, negative results 
were also obtained by Roos (1894) in dogs, by Hegner in young pigs, by Glesser 
in cats, by Prow.azek (1913) and Hegner (1927) in rabbits and dogs. 

Cas-AGRandi succeeded in infecting with balantidia cats suffering from 
enteritis, while attempts to infect healthy cats gave negative results. Brumpt 
(1909) infected monkeys with pig balantidia and vice versa. Walker (1913) 
obtained similar results ; and also infected monkeys tvith balantidia of human 
origin. Hegner (1926) infected guineapigs with balantidia from domestic 
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pigs, and later (1927) with cultures of these balantidia. Still later (1930) he 
succeeded in infecting rats by introducing the inoculum into the caecum, both 
with a catheter (under an anaesthetic) and directly after laparotomy. By varying 
the diet of the rats Schumaker (1930) showed that carbohydrates’ rendered 
rats susceptible to Balantidium infection, while rats fed on proteins remained 
insusceptible to it. 

Obitz in 1931 found Balantidium trophozoites in eight rats out of twenty-one 
which had been fed with Balatitidium cysts (pig faeces). The infected rats 
excreted cysts for a long time. 

The balantidia of human origin utilized for the present study were obtained 
from a female balantidiasis patient, now living in Moscow, having come there 
several years ago from Leningrad. She has had much contact with pigs in the 
past. It is interesting to note, that our patient, like those of Bade and Calmann, 
suffered also from a Bothryocephalus latus infection. Moreover, she was also 
infected with Taenia solium. We used also a second Balantidium strain of human 
origin, which we obtained in culture from the Central Institute of Tropical 
Diseases in Moscow. 

Our eight rat strains were isolated from the caecal contents of the eight 
spontaneously infected rats, as reported above. 

We utilized, moreover, five strains of pig origin ; pig faeces were filtered 
through gauze and after this inoculated into media for cultivation, or used 
directly for the inoculation of the experimental animals. 

The animals — rats and guineapigs — before being used in these experiments 
were examined on two consecutive days in order to exclude the possibility 
of naturally acquired balantidiasis. On the 3rd day a laxative (white bread, 
soaked in a saturated solution of sodium sulphate) was administered and the 
faeces examined for a third time. Only after all three examinations had proved 
to be negative were the animals used for the experiments. 

For infection with cultures we took ten test-tubes of 48-hour cultures, 
mixed their contents and administered 5 c.c. of the mixture per anum to rats, 
or 10 c.c. to guineapigs. After this the anus was closed with Michel’s surgical 
clamp for 24 hours. 

To some of the animals faeces containing balantidia were administered 
by the mouth. The experimental animals were given the usual diet (beet, oats, 
bread) and were examined microscopically and by the culture method. 

Out of seven attempts to infect white laboratory rats ■with caecal contents 
of spontaneously infected wild grey rats four were successful. Some of the 
laboratory rats thus infected began to discharge balantidia on the following day 
and in these cases their liquid excrements contained balantidia in large numbers. 
In other rats the infection had a latent character and balantidia could be dis- 
covered only in their caecal contents upon autopsy. Such latent carrying of 
balantidia by the rat seems to continue for a long time, since it was discovered 
in several cases 1 and 4 months after the inoculation. 
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The results are summarized in the following table : — 



Animals. 

Balantidium from Pigs. 

Total. 

i 

Number 

Positive. 

]. Feeding of intestinal contents of the pig to white rats 

4 

0 

2. Rectal inoculation of the same to white rats 

7 

1 

3. Rectal inoculation of cultures to white rats 

3 

0 

4. Feeding of cultures to guineapigs 

7 

0 

Total 

21 

1 

Balantidium coli (Human). 



1. Feeding of the faeces of our balantidiasis patient to white rats 

3 

0 

2. Rectal inoculation of the same to white rats 

4 

0 

3. Rectal inoculation of cultures to white rats 

4 

3 

4. Rectal inoculation of cultures to guineapigs 

3 

1 

Total 

13 

4 

Balantidium from the Rat. 



1. Feeding of the intestinal contents of grey rats to white rats 

7 

0 

2. Rectal inoculation of the same to white rats 

6 

4 

3. Rectal inoculation of cultures to white rats 

2 

1 

4. Rectal inoculation of cultures to guineapigs 

4 

3 

Total 

19 

8 


Out of four rectally inoculated guineapigs, three were infected. All the 
three discharged balantidia in large numbers. In one of them the mucous 
membrane of the caecum was found slightly hyperaemic upon autopsy, no 
ulcerative lesions were, however, discovered. Histological examination showed 
balantidia in the submucosa (Fig. 3). 

In the tissues of both rats and guineapigs Balantidium does not seem to 
find conditions favourable to its multiplication, since the ciliates are not 
encountered in large groups (colonies) but as isolated individuals or in small 
groups of two or three ; however, not infrequently around them one finds 
disintegrated cells. 

The penetration of balantidia into the depth of the mucous membrane, 
both in the spontaneously infected rats and in the experimentally infected 
guineapigs and rats, contradicts the assumption of Dogiel and Gnesdiloff 
that the cause of such penetration is the deficiency of carbohydrate food (starch 
in the first place) in the host’s intestine, since in all of our spontaneous and 

G 
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experimental cases abundant carbohydrate food was present in the intestine, 
and the balantidia were packed with starch granules. This, however, did 
not prevent their penetration into the mucous membrane (Figs. 4 and 5). 

We leave open the question as to the species of the balantidia, found by us 
in the rat, pending a more detailed study of the material. 

Summary. 

1. In examining wild rats from a single source (the Elephant House of the 
Moscow City Zoological Garden) for their intestinal protozoa, we found eight 
rats (29 per cent, of the total number) to be spontaneous carriers of balantidia, 
morphologically identical with human Balantidium coli and the pig balantidium. 
The examination of a large number of rats from other places and buildings of the 
Zoological Garden as well as of fifty rats from four Moscow pigsties revealed 
no infections, while in the course of an examination of 200 pigs from the 
Moscow City slaughterhouse these dilates were found in every pig without 
exception. 

2. Balantidiasis in rats has a chronic character. Several of our cases showed 
ulcerative lesions of the caecum and parasites in the caecal wall. 

3. Attempts at experimental infection of white rats and guineapigs with 
various strains of Balantidium (human, pig and rat) seem to indicate that these 
animals are susceptible to all of them, being least susceptible to pig balantidia 
and most susceptible to those of rat origin. 

4. Experimental balantidiasis in rats, like the spontaneous form, has mainly 
a chronic or latent character, the animals continuing to harbour balantidia 
for more than 4 months. Ulcerative lesions of the caecum, as well as the 
penetration of the parasites into the tissues were discovered only after infection 
with rat strains. 
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THREE CASES OF BLACKWATER FEVER FOLLOWING THE 
ORAL ADMINISTRATION OF ATEBRIN. 

BY 
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AND 
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League of Nations, Malaria Research Laboratory, Salonika* 


There is a general belief already reflected in the literature on malaria that 
atebrin administration is free from the risks of precipitating haemoglobinuria in 
potential blackwater fever patients, and to date, despite the large-scale use of 
atebrin, but few cases have been recorded following the e.vclusive administration 
of atebrin simplex. (Murray, 1934 ; Mom, 1934 ; N.agelsbach, 1933.) 

During the course of fluorescence analysis in mapping the distribution 
of atebrin in the cells of the liver, spleen and skin, we encountered three cases 
in which blackwater fever supervened either during or after treatment of malaria 
with normal standard doses of atebrin. None of the cases had taken quinine 
up to within 2 to 9 months before the onset of their haemoglobinuria, so that 
quinine can be excluded as having taken part in the precipitation of the attack 
of blackwater fever, (cf. Mom, Nagelsbach, Murray, above.) 

The three cases are outlined below ; it is not intended to describe them 
fully, as their clinical and chemical findings will be reported elsewhere. 

Case Histories. 

Case 1. — Male, aged 5 years, seen July, 1932. Spleen 2, Hackett’s notation ( = 
enlarged to umbilicus). Parasites : P. vivax rings -{- + + (=10 or more parasites per thick 
film oil immersion field). No fever. Commenced oral treatment on 12th July, 1932, Mth 
0-1 gramme of atebrin given nvice a day ; similar doses given on 13th and 14th July. On 
15th July, 2 hours after the morning dose of atebrin, patient passed dark red urine contain- 
ing haemoglobin. Blood count : R.B.C.’s = 3,850,000 per c.mm. On the night of the 
15th patient was very gravely ill and jaundiced, occasional vomiting and hiccoughing. 
Died on the morning of the 16th. Unfortunately, it was not possible to take blood from this 
patient, so no information is available as to the pigments that were present in the serum. 
The boy last took quinine in September, 1931, presumably for malaria, and from that date 
until we commenced treatment with atebrin no quinine was administered. 


^Dorothea Simmons Research Funds. 
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Case 2. — ^Male, aged 26 years, seen llth January, 1935. Spleen 1, Hackett’s notation 
(= midway benveen costal margin and the umbilicus). Parasites : P. vivax rings + 
(0 to 1 per thick film oil immersion field). Moderate fever (37-5° to 39° C.). Bilirubin 
= 0-9 mg. per cent. Blood count : R.B.C.’s = 4,490,000 per c.mm. ; haemoglobin 
(Dare) = 14-0 grammes. Commenced oral treatment with atebrin on 12th January with 
O-l gramme three times a day for 5 days ; continued until 1 6th January. After treatment 
blood negative by thick film smear. Spleen 1. Blood count: R.B.C.’s = 4,570,000 
per c.mm. ; haemoglobin (Dare) = 14-0 grammes ; serum bilirubin = 0-8 mg. per cent. 
Conjunctivae and skin yellow from deposit of atebrin. On 17th January, on completion 
of treatment, a spleen puncture was done* and a prolonged search of both the thick and thin 
spleen smears failed to reveal either parasites or pigment. 

On 17th January, at 10 p.'m., while still in hospital, the patient passed 800 c.c. of black 
thick urine containing haemoglobin ; blood serum contained oxyhaemoglobin and 
methaemoglobinf ; bilirubin = 3-5 mg. per cent. Blood count : R.B.C.’s = 4,030,000 
per c.mm. The skin appeared icteric so far as could be seen through deposit of atebrin. 
He continued to pass black or red urine during 18th, 19th and 20th January, the urine 
clearing gradually. 

Patient was discharged on 10th February. No reappearance of parasites in blood. 
He had taken his last dose of quinine in October, 1934, when undergoing treatment for 
malaria. The case is interesting because in Salonika, during December and January, 
there is probably no transmission, so that the January attack of malaria was no doubt a 
relapse following his attack in October which had been inadequately treated with quinine. 

0\ 

Case 3. — Female, aged 38 years, seen on 10th March, 1935. Spleen 1. Hackett’s 
notation. Parasites : P, falciparum, gametes and rings, 4- + + + (20 or more per thick, 
film oil immersion field). Blood count : R.B.C.’s = 4,120,000 per c.mm. ; haemoglobin 
(Dare) = 13'5 grammes ; serum bilirubin = 1-2 mg. per cent. Patient was running 
temperatures of 38'5° C. to 40° C. Commenced oral treatment with atebrin on 1 1th March 
with 0-1 gramme three times a day for 5 days until 15th March. At the end of treatment 
blood was negative. Blood count: R.B.C.’s = 4,1 10,000 per c.mm. ; bilirubin — 0-8 mg. 
per cent. No yellowing of skin or conjunctivae. Temperature now normal. On 16th 
March a spleen puncture was done and showed no parasites or pigment. On 17th March 
patient was discharged from hospital at midday, but returned the following morning, 
having passed red urine during the night of the 17th-18th. Blood count on 18th R'larch : 
R.B.C.’s = 3,840,000 per c.mm. ; serum bilirubin = 1-7 mg. per cent. Serum contained 
oxyhaemoglobin only. She passed one other specimen of red urine on ISth March in the 
evening, after which the urine cleared. 

P. falciparum reappeared in this patient’s blood on 23rd March, and she was treated 
with 1 gramme injections of quinine bihydrochloride intramuscularly for 3 days, followed 
by 0-25 gramme injections for three days. She was discharged on 4th April. 

This patient had taken her last dose of quinine before the onset of the blackwater 
fever on 17th March, sometime in October, 1934, and she probably represented one of 
the early spring relapses, common in Greece. 

Comment. 

These results, together udth other spleen punctures in blackwater fever 
that will be reported elsewhere, tend to throw some doubt on the view that the 
onset of blackwater fever is associated with the sudden destruction of large 

*We were carrying out at this time a series of spleen punctures in cases of blackwater 
fever and malaria with the object of correlating the results of spleen puncture and peripheral 
blood examination ; the results of this work are now in the press. 

-}-In the light of more recent research it would seem that this pigment was not methaemo- 
globin, but the new pigment of Fairley & Bromfield (1934) which has been named 
by them pseudo-methaemoglobin (1937). 
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numbers of parasites (Manson-Bahr, 1924 ; Blacklock & Macdonald, 1928) 
and to support the view expressed by Yorke, Murgatroyd & Owen (1930). 
Further, it is our opinion based on a large series of spleen punctures 
in malaria and blackwater fever that in both vivax and falciparum 
infections an examination of spleen puncture material is rarely a better 
index of malaria infection than is examination of peripheral blood by thick films 
(cf. Wenyon, 1926 ; Thomson, 1924). Our results do not support the view that 
in falciparum infections peripheral blood examination is not a good index of 
infection. It is not intended to suggest that in the cases above there was no 
infection with malaria, since in Case 3, the subsequent appearance of falciparum 
proved that this was not so (re-infection could be ruled out in this case owing 
to the time of the year and the location of the patient), but we do claim that the 
infection was an extremely light one, a view amply confirmed by the spleen 
findings. 

In both these cases the spleen puncture was carried out some 12 to 24 hours 
before the attack of blackwater, and although plenty of splenic material was 
present, a prolonged search of both the thick and thin spleen smears failed to 
reveal either parasites or pigment. 

It would appear from these cases that, like quinine and plasmoquine, 
atebrin is capable of firing off an attack of blackwater fever. In a previous 
paper Foy and Kondi (1936) stated that in their opinion atebrin was not contra- 
indicated in cases of blackwater fever where parasites were present and needed 
attention and, despite the present report, we still incline to this view. It is 
frequently stated that it is wise to withhold quinine in cases of blackwater fever, 
but here in Greece the “ treatment ” in a great many cases includes massive, 
oral, intramuscular or intravenous doses of quinine (0-2 to 0*5 gramme) and the 
results, judging from the death rates, compare favourably with any other so- 
called “ treatment.” Our feeling is that if parasites are present and are giving 
rise to clinical symptoms, then they should be dealt with. For this purpose 
either quinine or atebrin may be used provided, of course, it has been previously 
established that the patient is not sensitive to either of these drugs. 

As will be shown in a later paper, the vast majority of patients with 
haemoglobinurias in Greece have taken either a large or a small amount of quinine 
sometime within 3 days prior to their first passage of black urine, yet the great 
majority of these cases are “ treated ” during their attack with large doses of 
quinine with apparently no ill-effects. It would seem then that although 
quinine can be proved to have been taken immediately before the onset of the 
blackwater, and generally regarded as having fired off the attack, this does not 
mean that quinine need be withheld during treatment if parasites are present 
and causing trouble. We have seen many heavily infected patients with high 
fever whose blackwater attacks were reputed to have been precipitated by 
quinine, yet who were subsequently treated successfully by massive doses of 
quinine. 
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Case 2. — Male, aged 26 years, seen 11th January, 1935. Spleen 1, Hackett’s notation 
(= midway between costal margin and the umbilicus). Parasites : P. vivax rings + 
(0 to 1 per thick film oil immersion field). Moderate fever (37-5° to 39° C.). Bilimbin 
= 0-9 mg. per cent. Blood count : R.B.C.’s = 4,490,000 per c.mm. ; haemoglobin 
(Dare) = 14-0 grammes. Commenced oral treatment with atebrin on 12th January with 
O-l gramme three times a day for 5 days ; continued until 16th January. After treatment 
blood negative by thick film smear. Spleen 1. Blood count: R.B.C.’s = 4,570,000 
per c.mm. ; haemoglobin (Dare) = 14-0 grammes ; serum bilirubin = O-S mg. per cent. 
Conjunctivae and skin yellow from deposit of atebrin. On 17th January, on completion 
of treatment, a spleen puncture was done* and a prolonged search of both the thick and thin 
spleen smears failed to reveal either parasites or pigment. 

On 17th January, at 10 p.'m., while still in hospital, the patient passed 800 c.c. of black 
thick urine containing haemoglobin ; blood serum contained oxyhaemoglobin and 
raethaemoglobinf ; bilirubin = 3-5 mg. per cent. Blood count : R.B.C.’s = 4,030,000 
per c.mm. The skin appeared icteric so far as could be seen through deposit of atebrin. 
He continued to pass black or red urine during 18th, 19th and 20th January, the urine 
clearing gradually. 

Patient was discharged on 10th February. No reappearance of parasites in blood. 
He had taken his last dose of quinine in October, 1934, when undergoing treatment for 
malaria. The case is interesting because in Salonika, during December and January, 
there is probably no transmission, so that the January attack of malaria was no doubt a 
relapse following his attack in October which had been inadequately treated with quinine. 

Case 3. — Female, aged 38 years, seen on 10th March, 1935. Spleen 1. Hackett’s 
notation. Parasites : P. falciparum, gametes and rings, + + + + (20 or more per thick, 
film oil immersion field). Blood count : R.B.C.’s = 4,120,000 per c.mm. ; haemoglobin 
(Dare) = 13'5 grammes ; serum bilirubin = 1-2 mg. per cent. Patient was running 
temperatures of 38-5° C. to 40° C. Commenced oral treatment with atebrin on 1 1th March 
with 0-1 gramme three times a day for 5 days until 15th March. At the end of treatment 
blood was negative. Blood count ; R.B.C.’s = 4,110,000 per c.mm. ; bilirubin — 0-8 mg. 
per cent. No yellowing of skin or conjunctivae. Temperature now normal. On 16th 
March a spleen puncture was done and showed no parasites or pigment. On 17th March 
patient was discharged from hospital at midday, but returned the following morning, 
having passed red urine during the night of the 17th-18th, Blood count on 18th March : 
R.B.C.’s = 3,840,000 per c.mm. ; serum bilirubin = 1-7 mg. per cent. Serum contained 
oxyhaemoglobin only. She passed one other specimen of red urine on 18th March in the 
evening, after which the urine cleared. 

P. falciparum reappeared in this patient’s blood on 23rd March, and she was treated 
with 1 gramme injections of quinine bihydrochloride intramuscularly for 3 days, followed 
by 0-25 gramme injections for three days. She was discharged on 4th April. 

This patient had taken her last dose of quinine before the onset of the blackwater 
fever on 17th March, sometime in October, 1934, and she probably represented one of 
the early spring relapses, common in Greece. 

Comment, 

These results, together with other spleen punctures in blackwater fever 
that will be reported elsewhere, tend to throw some doubt on the view that the 
onset of blackwater fever is associated with the sudden destruction of large 

*We were carrying out at this time a series of spleen punctures in cases of blackwater 
fever and malaria with the object of correlating the results of spleen puncture and peripheral 
blood examination ; the results of this work are now in the press. 

j-In the light of more recent research it would seem that this pigment was not methaemo- 
globin, but the new pigment of Fairley & Bromfield (1934) which has been named 
by them pseudo-methaemoglobin (1937). 
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numbers of parasites (Manson-Bahu, 1924 ; Blacklock & Macdonald, 1928) 
and to support the view expressed b}' Yorke, Murgatroyd & Owen (1930). 
Further, it is our opinion based on a large series of spleen punctures 
in malaria and blackwatcr fever that in both vivax and foldparuin 
infections an examination of spleen puncture material is rarely a better 
index of malaria infection than is examination of peripheral blood by thick films 
(cf. Wenyon, 1926 ; Thomson, 1924). Our results do not support the view that 
in falciparum infections peripheral blood examination is not a good index of 
infection. It is not intended to suggest that in the cases above there was no 
infection with malaria, since in Case 3, the subsequent appearance of falciparum 
proved that this was not so (re-infection could be ruled out in this case owing 
to the time of the year and the location of the patient), but we do claim that the 
infection was an extremely light one, a view amply confirmed b)”^ the spleen 
findings. 

In both these cases the spleen puncture was carried out some 12 to 24 hours 
before the attack of blackwater, and although plenty of splenic material was 
present, a prolonged search of both the thick and thin spleen smears failed to 
reveal either parasites or pigment. 

It would appear from these cases that, like quinine and plasmoquine, 
atebrin is capable of firing off an attack of blackwater fever. In a previous 
paper Foy and Kondi (1936) stated that in their opinion atebrin was not contra- 
indicated in cases of blackwater fever where parasites were present and needed 
attention and, despite the present report, we still incline to this view. It is 
frequently stated that it is wise to withhold quinine in cases of blackwater fever, 
but here in Greece the “ treatment ” in a great many cases includes massive 
oral, intramuscular or intravenous doses of quinine (0-2 to 0-5 gramme) and the 
results, judging from the death rates, compare favourably with any other so- 
called “ treatment.” Our feeling is that if parasites are present and are giving 
rise to clinical symptoms, then they should be dealt with. For this purpose 
either quinine or atebrin may be used provided, of course, it has been previously 
established that the patient is not sensitive to either of these drugs. 

As will be shown in a later paper, the vast majority of patients with 
haemoglobinurias in Greece have taken either a large or a small amount of quinine 
sometime within 3 days prior to their first passage of black urine, yet the great 
majority of these cases are ” treated ” during their attack with large doses of 
quinine with apparently no ill-effects. It would seem then that although 
quinine can be proved to have been taken immediately before the onset of the 
blackwater, and generally regarded as having fired off the attack, this does not 
mean that quinine need be withheld during treatment if parasites are present 
and causing trouble. We have seen many heavily infected patients with high 
fever whose blackwater attacks were reputed to have been precipitated by 
quinine, yet who were subsequently treated successfully by massive doses of 
quinine. 
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These case records indicate that haemoglobinuria can follow the administra- 
tion of atebrin given for malaria, just as it may that of quinine or plasmoquine, 
but it should not be inferred from this that these specific drugs are the direct 
cause of the haemoglobinuria, or that they are contra-indicated in haemoglobinuric 
cases provided parasites are found and the patient has no idiosyncrasy to the 
drugs. 


SUMM.'tRY AND CONCLUSIONS. 

1. Three cases of blackwater fever follomng the oral administration of 
atebrin simplex are recorded in patients who had taken no quinine for months 
previous to their attack of haemoglobinuria. 

2. In two instances the onset occurred on the 1st and 3rd days after a full 
course of atebrin (i.e., 1*5 grammes spread over 5 days). In the other case 
haemoglobinuria appeared in a boy of 5 years on the 4th day of treatment, after 
he had received 0-7 gramme. 

3. It follows that atebrin, like quinine and plasmoquine, is capable of 
precipitating blackwater fever in certain patients, but whether these drugs are all 
equally potent in this respect, remains to be determined. 

4. In Cases 2 and 3 the haemoglobinuria occurred on a blood devoid of 
parasites, as shown by thick film of peripheral blood and spleen puncture. 
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YELLOW FEVER IMMUNE BODIES IN THE BLOOD OF 

AFRICAN PRIMATES. 

BY 

G. M. FINDLAY, C.B.E., M.D. 

AND 

F. O. MACCALLUM, M.D.* 

Wellcome Bureau of Scientific Research, London. 


In a preliminary communication (Findlay et al, 1936) it was reported that 
as shown by the mouse protection test, yellow fever immune bodies had been 
detected m the blood serum of three out of twenty-five African primates. The 
positive sera were obtained from a chimpanzee, Anthropopithecus troglodytes L 
trom French Guinea, a baboon, Papio sp., from the Belgian Congo and a colobus 
monkey from Goaso, Gold Coast. This colobus has since been found to belong 
to a new species Procolobiis badius waldroni Hayman, 1936. 


p grat^ul thanks for assistance in obtaining monkey bloods are due to Dr 

E. p. Pridie, Dr. A. E. Horgan, Dr. R. Kirk, and Dr. N. Corkill Anvlo Fcr^fV 

' Dr'^n Uganda ; Mr. R. DAUBSEY^^ya" 

^ j Ur. A. Macpherson and Mr. G. S. CaUsdale, Gold Coast • Mr Morfv ’ 

and Dr. P. D. Oakl.v and Mr. D. H. S. Dav.s, Siarr. Laoia. We desii « ihtSTSr' 
Of the S^a^tes^'''^ Captain Guy Dollman for their help in regard to the nomenclature 

One of us, F.O.M., is in receipt of a grant from the Medical Research Council. 
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The sera of Asiatic monkeys, rhesus (Macaca mulatto) and crab-eating 
macaques {Macaca irus) were negative. In South America Soper (1936) 
also found that of the sera of ninety-three monkeys, captured in yellow fever 
areas, eighteen or approximately 20 per cent, gave a positive reaction with the 
mouse protection test for immunity to yellow fever. The monkeys with 
positive sera were three Callicebus ornatus and one squirrel monkey, Saimiri 
sciureus L. from Restrepo, Colombia, and fourteen capuchin monkeys {Cebtis 
apella ?) from Matto Grosso and Minas Geraes. 


Yellow Fever Immxjne Bodies in the Sera of African Monkeys. 


Locality. 

Species. 

Number of 
Sera 

Examined. 

Number of 
Sera 

Protecting. 

Number of 
Sera not 
Protecting. 

Anglo-Egyptian 

Sudan 

Galago senegalensis senegalensts 
Elliot 

3 

0 

3 


Erythrocebus patas Elliot 

1 

0 

1 


Cercopithecus aethiops centralis 
Neumann 

15 

1 

14 

Sierra Leone 

Colobus vellerosus Elliot 
(= polykomos Schwarz) 

1 

1 

0 

Liberia 

Cercopithecus sp. 

10 

4 

6 

Gold Coast 

Cercopithecus sp. 

1 

0 

1 


C. diana diana 

1 

1 

0 


Erythrocebus patas Elliot 

1 

0 

1 


Colobus vellerosus Elliot 
(= polykomos Schwarz) 

5 

3 

2 


Procolobus badius badius Pocock, 
1935 

6 

3 

3 


P. badius zvaldroni Hayman 

3 

1 

2 

Uganda 

Cercopithecus aethiops centralis 
Neumann 

20 

5 

15 


Total 

67 

19 

48 


In the present communication further observations are recorded in regard 
to the presence of yellow fever immune bodies in the blood of wild African 
monkeys. All the sera were tested by the intraperitoneal mouse test in a dilution 
of 1 in 8. Sera which gave a positive reaction at the first test were retested at 
least once, more often twice. The results are shown in the table. Of sixty-five 
monkeys, seventeen or approximately 25 per cent, were found to have immune 
bodies in their blood. As controls to those monkeys, the bloods of six monkeys 
{Cercopithecus aethiops johnstoni) were examined from an area in Kenya where 
immune bodies have never been detected in the bloods of human beings. All 
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these Kenya monkeys gave negative results. Ten rhesus monkeys from India 
also gave negative reactions when theirsera were examined by the mouse protection 
test. These negative results, combined with those previously recorded, suggest 
that, in so far as the blood of primates is concerned, the mouse protection test 
is probably as specific for yellow fever immune bodies as it is in the case of 
human bloods. 

The monkeys with positive sera from the Gold Coast all come from the 
forest region of Ashanti, more especially the country round Juaso ; those from 
Uganda were obtained from the northern part of the country, from Kisunga, 
Kibanda ; Kisuna, Katulikire : Kirwala : and Kiroko, Mumyoka ; the 
Sudanese monkeys in all probability, came from Sennar, with the e.xception 
of the lemurs {Galago scnegaletms scticgalensis) which were obtained in the Nuba 
mountains. 

It is of interest to note that yellow fever immune bodies have been detected 
in the bloods of human beings from all the areas in Africa where monkey bloods 
are also positive, with the exception of the Blue Nile Province of the Anglo- 
Egyptian Sudan : human sera from this locality are now under investigation. 

If the results recorded in the present communication are combined with 
those previously reported it will be seen that twenty-two positive sera were 
obtained from ninety-two primates, or approximately 23 per cent,, a figure 
which agrees closely with that obtained in South America. 

If the mouse protection test is specific for yellow fever immune bodies and, 
so far as the blood of primates is concerned, there is no evidence to contradict 
its specificity — the results suggest that a fifth of the wild monkeys from areas 
in the Old and New Worlds where yellow fever is endemic have at some time 
or another been infected with the yellow fever virus, although this infection is 
not as a rule fatal. In Africa and South America the monkey populations thus 
infected must run into many millions : failure of the susceptible human host, 
either through lack of numbers, or through the development of immunity, 
may not therefore necessarily eliminate infection from an area. On the other 
hand, even if monkeys act as an alternative host for the yellow fever virus, the 
problem of how the disease maintains itself in an endemic area is by no means 
solved, for the virus is present in the peripheral blood stream and thus in a con- 
dition to be transferred to mosquitoes, for at the most, 4 or 5 days ; the life of 
an individual mosquito is not long and monkeys do not appear to roam over 
large tracts of country. Unfortunately, little or nothing is known in regard 
to the life span of aedine mosquitoes under natural conditions, while further work 
is obviously required on the oecology of monkeys, more especially in regard to 
their ectoparasites and to the extent of territory over which they roam. 

An additional point which requires investigation is the extent to which 
Aedes aegypti feeds on wild monkeys or other animals as an alternative to human 
beings. Certain monkeys are known to live in the vicinity of houses and to raid 
cultivated fields, but it is open to question whether this association with man 
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is sufficiently close to allow a fifth of African monkeys to be bitten by mosquitoes 
as domesticated as A. aegypti : other mosquitoes must be regarded as possible 
potential vectors of yellow fever under natural conditions. 

Conclusions. 

1. An examination by the mouse protection test of the sera of sixty-seven 
wild African monkeys, from areas where immune bodies have been found in the 
blood of human beings, showed the presence of yellow fever immune bodies 
in nineteen. 

2. Of a total of ninety-two African monkeys so far investigated, twenty-two 
or approximately 23 per cent, have shown yellow fever immune bodies. 

I 3. The Old World monkeys with positive sera include at least seven different 
species : viz., the chimpanzee Anthropopithecus troglodytes ; baboon Papio sp. ; 
Cercopithecus aethiops centralis ; C. diana diana, Colobus vellerosiis ( = polykomos), 
Procolobus baditis badius and P. baditts waldroni. 
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LEPROSY IN THE SOUTHERN SUDAN. 

BY 

ERNEST MUIR, M.D. 

The British Etnpire Leprosy Relief Association, London. 


The measures taken for the control of leprosy in the Southern Sudan 
are of peculiar interest. The disease appears to be a serious problem in the 
region between the 6th and 12th parallels and west of the Nile, especially in the 
watershed dividing the sources of the Congo from those of the Nile. This 
IS described by O. F. H. Atkey (1934) as a region infested by Glossina morsitans. 
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He inclines towards ascribing the greater incidence of leprosy in this area to two 
factors : the scarcity of milk, and the closer contact and mixing of the people 
with outsiders as compared with the nomadic tribes among whom leprosy is 
rare, and who have abundant milk and very little intercourse with others. This 
is interesting as precisely the same two factors have been given as accounting 
for the low rate of leprosy in the plains of the Punjab, as compared with other 
parts of India. 

Cochrane (1931) mentions that the disease may be spreading from the 
Belgian Congo, and this would appear to be not unlikely considering the very 
high incidence in that country. 

H. M. Woodman (1937) in an article in these Trans.actions has 
described the result of treatment in the largest of three leper settlements in this 
area with a population of 2,000 patients. This took the form of mass treatment 
with various soluble preparations of chaulmoogra oil, more selective treatment 
being found impossible through lack of staff. Treatment also included painting 
macular and nodular areas with trichloracetic acid. 

The results are put forth in four tables, the first two comparing treated and 
untreated cases after 3 years, and the other two comparing treated and untreated 
cases after a 6 years period. Unfortunately, the terms used in describing 
progress are misleading. The writer uses the words “ quiescent ” and 
arrested,” but apparently in quite a different sense from that agreed upon at 
the Leonard Wood Memorial Conference in 1931, and now generally adopted. 
The word “ cured ” is also applied to cases “ in which no visible lesion is any 
longer apparent,” a most fallacious criterion of improvement, let alone cure. 
In the 6-year period 2-8 per cent, of untreated cases are ” cured,” and 46-4 per 
cent. “ arrested.” In the same period, out of the treated cases 0-7 per cent, are 
“ cured ” and 10-5 per cent, are “ arrested.” On the other hand, the untreated 
include under “ quiescent ” and “ improved ” an aggregate of 41-3, compared 
with 58-7 among the treated. 

From this the conclusion that “ generally speaking the results weigh clearly 
in favour of treatment ” is scarcely justified. It is perhaps somewhat doubtful 
to what extent special treatment has been beneficial as compared with the benefit 
derived from the care and protection provided by settlement life. 

Leprosy is one of the most difficult diseases to treat. It is becoming 
generally recognised that the main treatment consists, as in tuberculosis, in 
improving the general health of the patient. When that has been satisfactorily 
accomplished carefully applied special remedies form a very useful additional aid 
towards recovery. 

In classifying causes and in judging of their progress, bacteriological 
examination, carefully and repeatedly carried out, is necessary if results of any 
value are to be obtained. Appearances, though useful, are apt to be fallacious 
if not checked up by the microscope. 
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The classification and terminology at present accepted with regard to 
leprosy is no doubt open to criticism ; but to avoid confusion it would be well to 
adhere to that in current use till changed or modified by general consent. 

Apart altogether from treatment, the measures taken to control leprosy 
in the Southern Sudan are in many ways unique. The population is so sparse 
and scattered that methods applicable in more densely populated areas would 
have been quite unsuitable in this area. A sur\’ey (Cruickshank, 1932) was first 
made in the Yambio District, which showed 1,556 cases in a population of 58,136, 
or 2*8 per cent. A suitable area for a settlement was selected and 100 cases 
at first admitted, and thereafter “ the trickle of admissions slowly grew into a 
stream and then into a flood. At one time fifty a day were being admitted, 
and as each case takes some 15 minutes to register, the task entailed can 
be imagined, and the hut-builders and road-makers were strained to the 
utmost to keep pace with the demand. Within 18 months of starting, 2,700 
cases were admitted, housed and under treatment ; by then, resources and staff 
could cope with no more, and it was felt wiser to cease admission and con- 
solidate the position.” 

The Report of the Sudan Medical Service for J935, states that there were 
2,698 lepers in camps and settlements, and 1,512 were under observation and 
treatment. ” The stage has been reached where further treatment with 
chaulmoogra derivatives is of no avail, in so far as this applies to cases prior to 
1933-34. It is particularly worthy of note that, whereas in 1932 31 percent, of 
lepers had been rendered quiescent, by 1935 the percentage is 78. A big pro- 
portion of early cases becomes arrested in any case, but is assisted to do so by 
treatment. No form of treatment yet tried holds out much prospect for the 
advanced cutaneous and mixed cases. They have all undergone prolonged 
treatment, and the very few who have improved would have probably done so 
without interference. The most hopeful outlook for the majority of C3 cases 
who survive is the gloomy prospect of the maimed and disabled N2 stage. In 
spite of the great incidence of leprosy, it is important to note (1) that less than 
10 per cent, of cases are any danger to their neighbours as far as can be at present 
judged, in the absence of exhaustive and repeated laboratory examinations, 
(2) that treatment is effective and worth trying in a large percentage of active 
early cases over a period not exceeding 4 years, (3) that the settlements have 
removed the chief foci of infection in the district, and both centralized and 
simplified their control.” 

Thus the prospect of control in this area seems bright provided that 
vigilance over existing cases is continued and that a careful guard is maintained 
against invasion from highly leprous areas in the neighbourhood such as the 
Belgian Congo, 
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A PRESUMPTIVE CULICINE HOST OF THE HUMAN MALARIA 

PARASITES. 

BY 

K. B. WILLIAMSON 

AND 

MAHOMED ZAIN.* 


Government Antimalarial Laboratory, Penang. 


The conception that host efficiency is dependent upon environmentally 
determined biochemical factors — as well as upon the influences (such as the 
racial habit of feeding on blood) which determine genetic constitution 
(Williamson, 1928) — is as fundamental for parasitological theory as quantum 
mechanics is for the theory of radiation. Lacking either, phenomena can 
be explained only up to the point — if yet fundamentally at all, in parasitology — 
(Huff, 1934) reached by classical doctrine. In order to test the question in 

*We wish to express our obligation to successive Senior Health Officers, Penang, 
for opportunity to carry out our work, and further especially to Dr. J. W. Scharff for his‘ 
critical interest in it. 
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relation to malaria, during the past 17 months we have afforded opportunity 
of infection to Ctilex bitaetiiorhynchus, which is unique in that its larvae are always 
found among Spirogyra (Senior-White, 1926) upon which they feed. Its 
potentialities as a malaria carrier, together with those of most other culicine 
mosquitoes, have been disregarded because of the belief that the parasites can 
complete their cycle of development only in members of the genus Anopheles. 
The species was, however, preindicated as a possible carrier by one of us some 
years ago (Williamson, 1927) because it breeds in pure water. As then 
pointed out, and since confirmed from Covell’s valuable tables (Covell, 
1927 and 1931), many of the most notorious anopheline vectors, some of which 
are common associates of C. bitaetiiorhynchus, likewise do so, thereby avoiding 
larvally derived taints likely to inhibit the development of the malaria parasites. 

Thirty laboratory-bred females were allowed to feed once upon donors 
whose blood was exceptionally rich in infective gametocytes (2-3 to 10-3 per 
100 leucocytes). These mosquitoes were, therefore, provided with an unusually 
good opportunity of infection, and this fact should be borne in mind in 
interpreting our findings. 

Our observations, a preliminary note upon which has appeared in 
Nature (Williamson and Zain, 1937), have been made in the course of 
related daily work which has permitted comparison with both naturally 
and artificially infected anophelines. The results are briefly sum- 
marized below. Forms indistinguishable by us from, and indicative 
of, the completed insect cycle of development of the malaria parasites, were 
recorded in the following categories of infection, namely, sub- and benign- 
tertian separately and mixed ; and quartan (providing over eight gametocytes 
per one hundred leucocytes) combined with sevenfold less intense sub-tertian. 
Sub-tertian infection largely predominated and the figures relating to it are given 
in brackets : thirty (twenty-three) insects were used ; twenty-nine (twenty) 
plasmodial cysts were found in fourteen (eleven), the greatest number in one 
being seven (with others degenerated and doubtful) ; eighteen (fourteen) of 
these cysts were pigmented, the remainder being diagnosed by type, and by 
their containing, or being in proximity to, presumptive sporozoites ; eight (six) 
of the fourteen (eleven) susceptible insects having cysts were infected, most of 
them lightly, with sporozoites in their salivary glands, two of these (one sub- 
tertian and one quartan sub-tertian) however revealed numerous sporozoites 
elsewhere. Ross’s black spores were found in five (four) cases, one being 
a benign-tertian infection ; sporozoites in the glands and one or more cysts 
were present in each of the five. Since these features are held to be individually 
diagnostic, the fact of their associated recurrence several times over must be 
accorded added evidential value. The picture presented by thirty-one unblooded 
laboratory-bred females used as controls presented a striking contrast, except 
in one respect. In several cases bodies resembling sporozoites were observed 
on the hind guts (but none in or near cysts). These appearances must probably 
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be credited to the unrecorded generalized protozoal infestations of tropical 
mosquitoes, which urgently call for authoritative investigation. One of 
us (M. Z.) found, and we have jointly confirmed, heavily brown and 
black pigmented cysts in unblooded laboratory-bred male anopheles (once 
in close association with sporozoitc-like bodies present on the mid gut surround- 
ing the cysts), a fact which annuls one or other of the current preconceptions, 
that (with the exception of the allied Haemoproteus of the pigeon, etc.) in the 
insect cycle allow pigment only to the genus Plasmodium, and to the latter a cycle 
confined to adult mosquitoes, disregarding the possibility of larval phases 
derived (cannibalistically or otherwise) from infected females dead upon the 
water after oviposition. These intrusive facts and possibilities must be balanced 
against the evidence of the differential record in the infected and uninfected 
series of C. biiaemorhynchus. With the exception of five brown pigment granules 
distributed between two cysts in separate insects, no pigmented cysts, nor any 
black spores, were seen in our controls. These contrasts and the above indicated 
correlations in the infected series appear to leave little doubt that the develop- 
mental cycle of the two common malaria parasites and probably that of the 
quartan parasite also, can proceed to completion in this culicine. But in the 
absence of proof of the transmission of malaria through it, demanded by Koch’s 
final postulate, no assured epidemiological conclusion is at present warranted. 

The search for vectors needs to be guided by inductive principles and 
biochemical reasoning. Theoretically considered, if freedom from contamination 
of larval food and environment is favourable to the development of the malaria 
parasites in mosquitoes, it is not impossible that other bloodsucking insects, 
such as Simulium which breed along with them in pure water, may be carriers. 
This is the less unlikely since the host of the allied Haemoproteus of the pigeon 
is not a mosquito but a hippoboscid fly. The fact that the latter, together with 
the otherwise unrelated ticks, tsetse flies, etc., are nourished solely by blood 
throughout their life cycle, appears to determine their hereditary aptitude 
for serving as the hosts of protozoal blood parasites (Williamson, 1928), 
probably because the amino-acid (Rosedale, 1928), etc., composition of their 
tissues has come to resemble that of the blood which has been their sole racial 
food through a prolonged evolutionary epoch. Insects like mosquitoes, which 
feed only intermittently upon blood, and have a free and promiscuously feeding 
larval stage, seem to require that it is passed in well oxygenated surroundings 
(Williamson, 1928 and Huff, 1934) which provide pure and vital food, if they 
are to be effective hosts of the human malaria parasites. In both their human 
and insect phases these seem to demand freedom from the products of bacterial 
contamination accompanied by a high level of oxidation (Senior- White, 1926) 
in the nitrogen cycle (Williamson, 1935) a circumstance which suggests that 
in virtue of its reducing power, ascorbic acid (Armentano, 1936) may possess 
parasiticidal or inhibitive properties. Whatever may be their solution, the 
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fundamental problems of malaria are thus seen to be conditioned by environ- 
mentally or genetically (Huff, 1931) determined biochemical factors. While 
they are shared by both of us, the senior author is alone responsible for these 
opinions. 
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NOTES ON THE VIABILITY OF ANOPHELES COSTALIS OVA 
SUBJECTED TO NATURAL DESICCATION. 

IIY 

S. GEBERT 

Eutomolosist, Medical and Health Department , Mauritius. 


Introduction. 

Eggs of certain species of culicines are more or less resistant to drought 
and adverse conditions of temperature, and may remain out of water for several 
days without their vitality being in any way impaired. 

In the case of Aedes aegypti, eggs have been known to hatch out after they 
had stood ordinary temperature, out of water, for several months. 

It was, therefore, thought interesting to ascertain how the ova of our 
anophelines would stand desiccation. With this end in view, eggs of Anopheles 
costalis were experimented with. They were chosen merely because they were 
less difficult to obtain than those of the other species. 

Experiments. 

The eggs used in the first part of these experiments (Table I) were collected 
on the coast at Drain-Marie, near Roche-Bois, in brackish water. As each egg 
was lifted off the surface of the drain water, it was floated on water in a specimen 
tube and, when the required number had been obtained, the water in the tube 
was siphoned off and the eggs allowed to remain stranded against the sides. 
The tube was then placed standing on the hot sand, at the side of the drain, 
in bright sunlight. After 15 minutes, all traces of water had evaporated. From 
that moment onwards, the tube was left uncorked. Several tubes were prepared in 
this way. Some were kept in the laboratory during the day, when drying in shade 
was required ; others were left outside in the sun, when the effect of sunshine 


Tadle I. 



Number 
of Ova 
Used. 

Whether dried 
Immediately 
or Not. 

Drying 
Period 
in Hours. 

Date of 
Floatation. 

Date of 
Hatching and 
Number. 

Percentage 

Hatched 

Out. 

H 

10 

Kept on water 
for 24 hours 

48 in shade 

5/6 

6/5 one 

8/5 two 

9/5 three 

60 

H 

20 

Dried imme- 
diately 

24 in sun 

6/10 

8/10 four 

9/10 five 

45 


H* 
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was being tested. After the required period of exposure had elapsed, the 
eggs were carefully detached from the sides of the tubes and were floated on 
water in bowls, where they were allowed to remain until hatching took place, 
or until the end of the experiments. 

When I found that after 2 days of drying the eggs still hatched the importance 
of the fact, from the point of view of anopheline control, presented itself, and I 
decided to alter the modus operayidi and to start another series of experiments 
by imitating as far as possible what takes place in nature with regard to garden 
ponds, ornamental basins and other large containers which usually breed 
A. costalis. 

As I could no longer obtain eggs at Drain-Marie, I had recourse to another 
breeding ground at Vallee-des-Pretres. This time, it was a fresh-water basin 
in which spirogyra grew abundantly. 

Instead of allowing the eggs to dry in a tube, as before, they were imme- 
diately brought to the experiment'al station and were floated on water in small 
concrete basins. The water was then immediately siphoned olf and the eggs 
allowed to dry for various periods as before, after which water was poured into 
the basins. These had been placed outside, in such a manner that they were 
in the sunshine for the greater part of the day — about 5 hours (Table II). 

For the benefit of those who are unfamiliar with anopheline eggs and their behaviour 
under certain conditions, some explanation is at this stage necessary. When an anopheline 
lays its eggs directly on water in a basin, or other container, these are deposited at the 
margin of the water. Surface tension comes into play, and the eggs are immediately 
attracted to the sides of the vessel. If, as is rarely the case, the ova are deposited at a 
short distance from the sides, even weak wind draughts soon drive them to the water’s 
edge where they find themselves in the position mentioned above. Now, when a basin 
is emptied, the eggs, instead of going right down with the water as its level lowers, remain 
behind, stranded on the sides of the basin and when this is refilled, the eggs float again. 
If the time elapsed between emptying and refilling is short, all the eggs come to the 
surface. After 2 to 3 days of exposure to the sun, roughly 33 per cent, continue to adhere 
to the sides of the vessel, after water has been poured in. Of that number, some come 
to the surface again after several hours when, finally, about 25 per cent, remain under water. 

Now to return to our drying experiments, let us examine the following 
Tables. In Table I are the results arrived at with the eggs kept in tubes, 
and Table II shows the figures obtained for the ova experimented with in the 
second manner. 

In these tables, 48 hours in the sun for instance, does not mean 48 hours 
of exposure to sunlight. What is meant is that during a 48 hour period the eggs 
were in the sun during the day. 

The tables show us that A. costalis ova continue to hatch out after a drying 
period of 72 hours. This is an important fact to bear in mind, when dealing 
with certain anopheline breeding grounds. In the past, whenever anopheline 
larvae were encountered in garden reservoirs, basins, tanks, watering pools and 
the like, these were emptied and allowed to dry during the day, after which 
they were refilled and almost invariably forgotten. The result was that even if 
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lan^ae Avere killed ova continued to hatch out unnoticed and gave rise eventually 
to adult mosquitoes. 

In the above experiments, the larvae which hatched out were bred. Most 
of them continued to develop normally, the final adults being full size. The 
percentage of deaths which occurred was not higher than is usual in any 
breeding experiment. In order to avoid making the tables unnecessarily com- 
plicated the details of the breeding have not been given. 

Wherever anopheline lar\'ae are found, one must not forget that eggs are 
in most cases present and that, if drying is the only means that can be resorted 

Table II. 


Experi- 

ment 

Number. 

Number 
of Ova 
Used. 

AATiether dried 
Immediately 
or Not. 

Drying 
Period 
in Hours. 

Date of 
Fkiatation. 

Date of 
Hatching and 
Number. 

Percentage 

Hatched 

Out. 

1 

GO 

■ 

Kept on water 
for 24 hours 

48 in shade 

13/10 

Water poured in 
basin ; 33 eggs 
come to surface 
immediately 

15/10 ten 

16/10 five 

IS eggs remain 
under water 

2.5 

2 

40 

Dried imme- 
diately 

24 in sun 

18/10 

Water poured in ; 
20 eggs rise im- 
mediately 

19/10 six 

20/10 ten 

13 eggs remain 
under water 

40 

3 

20 

Kept on water 
for 24 hours 

48 in sun 

24/10 

Water poured in 

25/11 two 

26/11 three 

wgm 

4 

50 

Kept on water 
for 24 hours 

72 in sun 

25/10 

Water poured in 

27/11 two 

28/11 tv.’o 


6 

24 

Dried imme- 
diately 

9G in shade 

19/2 

Water poured in 

None hatched 


6 

21 

" 

»» 

2/2 

Water poured in 

»* 

1^1 


to for dealing with the breeding ground, a 4-day period is essential ; failing this, 
a second drying, after a week’s interval, becomes necessary. This is an important 
aspect of the fight against anophelines, for in Mauritius the great majority 
of A. costalis breeding places are man-made and consist almost entirely of garden 
pools, the water from which is used for watering vegetables so that kerosene 
cannot be employed. 

Conclusions. 

Eggs of Anopheles costalis allowed to dry naturally, may continue to hatch 
out after a drying period of 72 hours, but cease to dc so after 4 days’ drying. 
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A METHOD OF LABELLING AND PROTECTING BLOOD FILMS. 

by 

P. TATE, Ph.D. 

From the Molteno Institute, University of Cambridge. 


In view of the well known difficulty of labelling blood films so that the labels 
are not injured by immersion oil or xylol, it may be of interest to describe a 
method which has been found to be very satisfactory. 

The labels, ungummed, are fixed to the slide by means of cellulose lacquer 
or other similar cellulose preparation. The description of the slide is written 
with Indian ink in the usual manner, and, when dry, the whole label is covered 
with a thick coating of the cellulose preparation. When properly done, such 
labels are uninjured by either immersion oil or xylol and they are very firmly 
affixed to the slide. 

It has been found that the blood films themselves may be protected with 
a similar coating of the cellulose without apparently interfering with the micro- 
scopic definition of the blood cells or organisms therein. Such protected slides 
have proved very valuable for class work as they are well protected from dust 
and scratching and no special precautions need to be taken in washing off the 
immersion oil after use. 

The method has been tested on films stained both by Giemsa’s and 
Leishman’s methods. The films have been kept for more than a year after 
treatment with the cellulose and the stain has not faded more than in similar 
films kept uncoated. 

Several different commercial cellulose preparations have been tested, 
but that which has given the best results is the preparation sold in collapsible 
tubes under the trade name “ Durofix.” The simplest way to coat the blood 
films is to extrude a large drop of durofix on one end of the slide and to spread 
it rapidly over the film by a single sweep of a clean finger. 


PRINTED IN GREAT BRITAIN BY H, R. GRUBB, LTD., CROYDON. 
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Proceedings of the 30th Annual General Meeting of the Society held at 
Manson House, 26, Portland Place, London, W., 
on Thursday, 17th June, 1937, at 8.15 p.m. 

Sir Arthur Bagshawe, C.M.G., M.B., D.P.H., President, in the Chair. 


BUSINESS. 


Report of the Council for the Year ended 31st March, 1937. 

The Hon. Secretary presented the Annual Report, copies of which had 
been circulated. 

Col. J. A. Sinton proposed the adoption of the Report. This was seconded 
by Dr. J. W. Lindsay and carried. 

Report of the Hon. Treasurer for the Year ended 
31st March, 1937. 

Dr. Oswald Marriott, Hon. Treasurer, presented his Report together with 
the accounts and Balance Sheet certified by Messrs. W. B. Keen & Co. and 
approved by the Audit Committee. 

The Treasurer read his Report, and in conclusion reminded the Meeting 
that the Society’s income depended very largely on the number of Fellows’ 
subscriptions. 

Dr. C. C. Chesterman, in proposing its adoption, congratulated the Treasurer 
on his excellent Report and expressed the hope that all Fellows wherever they 
are stationed should help by inviting suitable persons to become Fellows of the 
Society. 

Col. A. G. Biggam seconded the motion which was carried unanimously. 
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Election of Audit Committee. 

From the Chair the President proposed that Dr. V. S. Hodson, D 
G.arrow and Major J. A. Cruickshanic be re-elected members of th 
Committee. To this the meeting agreed. 

Result of B.\llot for President, Two Vice-Presidents and 
Twenty Councillors for 1937-39. 

The President announced that 574 Voting Papers had been retui 
Fellows and that the folloAving had been elected : — 

President : 

Lt.-Col. S. P. J.AMES, C.M.G., M.D., F.R.S., I.M.S. (ret.). 
Vice-Presidents : 

Sir S. Rickard Christophers, C.I.E., O.B.E., F.R.S., Col. I.M.E 
H. Harold Scott, C.M.G., M.D., F.R.C.P., F.R.S.E., D.T.M. 

Councillors : 

D. B. Bl.acklock, M.D., D.P.H., D.T.M., Professor. 

C. C. Chesterman, O.B.E., M.D., B.S., M.R.C.P., D.T.M. & I- 
S. F. Dudley, O.B.E., M.D., F.R.C.P., D.P.H., D.T.M. & H., 
Rear-Admiral. 

N. Hamilton Fairley, O.B.E., M.D., D.Sc., F.R.C.P., D.T.M, 

G. W. M. Findlay, C.B.E., M.D., D.Sc. 

E. D. W. Greig, CJ.E., M.D., D.Sc., F.R.C.P.E., Lt.-Col. I.M.S 
J. He.atly-Spencer, C.B.E., M.D., B.S., F.R.C.P., D.T.M. & H, 

late R.A.M.C. 

Willi.amW. Jameson, M.D., F.R.C.P., D.P.H., Barrister-at-Law, Pre 
W. P. M.^c Arthur, D.S.O., O.B.E., K.H.P., M.D., F.R.C.P., I 
& H., Maj.-Gen., late R.A.M.C. 

J. W. Scott Macfie, D.Sc., M.B., Ch.B., D.T.M. 

Philip M.anson-B.ahr, D.S.O., M.D., F.R.C.P., D.T.M. & H. 
OstvALD M.arriott, M.D., B.S., M.R.C.P. 

A. J. R. O’Brien, C.M.G., M.C., M.B., Ch.B., M.R.C.P., B.Hy., 1 
John A. Sinton, F.C., O.B.E., M.D., D.Sc., B.Ch., D.P.H., D 
Lt.-Col. I.hl.S. 

Sir Thoai.as Stanton, K.C.M.G., M.D., D.Sc., F.R.C.P., D.P.H., E 
& H. 

J. Gordon Thomson, M.B., Ch.B., F.R.C.P., Professor. 

C. M. Wenyon, C.M.G., C.B.E., M.B., B.S., B.Sc., F.R.S. 

F. Norman White, C.LE., M.D., I.M.S. (ret.). 

H. E. Whittingham, C.B.E., M.B., Ch.B., F.R.C.P.E., D.P.H., E 

& H., Air Commodore R.A.F. 

Vincent B. Wigglesworth, M.D., B.Ch. 
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The President (Sir Arthur Bagshawe) ; Before I hang this chain of gold 
about the neck of the new President I wish, as is customary, to make a few 
remarks about my two years’ period of oflice. The Society pursues the even 
tenor of its way and, as 5 ’ou will gather from the Treasurer’s Report and the 
Report of the Council, it has been a successful period. There is a considerable 
debt on Manson House but it is being steadily reduced, something over ;;r2,000 
having been paid off during my term of office. That has been helped by hand- 
some donations from Mr. W. J. Court.auld, and a second one from Mrs. 
Chalmers who has thus increased our indebtedness to her. As you know she 
founded the Chalmers Medal of the Society which is to be presented at this 
meeting. 


Induction of the New President. 

I now turn to my successor : Colonel James, who is known to all, is a very 
distinguished member of a distinguished service. He has been engaged in 
research in malaria for a great number of years, I think I am right in saying 
ever since the Malaria Commission of the Royal Society was formed at the 
end of the last century. He has been putting out valuable papers all this time. 
He has done good work on other subjects but he will be mainly known for his 
Avork on malaria for which he has had the hall-mark of Fellowship of the Royal 
Society. 

The retiring President then invested Colonel James with the President’s 
Badge and Chain of Office. 

The President (Lt.-Col. S. P. James) ; Sir Arthur Bagshawe, ladies and 
gentlemen, I thank you very much indeed for doing me the honour of electing 
me President of this Society, and I thank Sir Arthur Bagshawe in particular 
for the kind Avords that he has just said about me. I am the fourth member of 
the Indian Medical Service Avho, toAvards the end of his career, has received 
this high honour at the hands of his contemporary felloAv Avorkers, and it is an 
honour to the service to Avhich I belong as AA^ell as to myself. I aatII only add 
that during my tAvo years’ term of office I Avill try my best to do all that I can 
to promote the interest and Avelfare of our Society. 

I believe that my first duty as President is to nominate a Vice-President 
to serve during the tAvo years of my office, and Avith your permission I propose 
to nominate a brother officer of my service, namely. Col. C. A. Gill, I.M.S., 
Avhom you all know very Avell. Colonel Gill became a member of this Society 
as long ago as 1908. His scientific attainments and his practical work in India 
and Ceylon are so well known that I need not mention them, but I ought 
perhaps to say that at two periods of his career in India he served with excellent 
results as Local Secretary. I hope very much you Avill accept Avith pleasure 
Colonel Gill as Vice-President. 
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Colonel C. A. Gill thanked the President for the honour he had done him 
in nominating him a Vice-President, and also for the kind remarks he had 
made. 


Presentation oe Chalmers Medal. 

The President : My next duty as President is to present the Chalmers 
Medal which is awarded every two years to a worker of any nationality under 
45 years of age in recognition of notable additions to knowledge in tropical 
medicine and hygiene. We are fortunate to-night in that Mrs. Chalmers is 
here with us to take part in this presentation — and I hope very much that when 
the presentation comes to be made Mrs. Chalmers will assist me to present it. 
On this occasion the medal has been awarded to Prof. R. M. Gordon, of the 
Sir Alfred Jones’ Research Laboratories in Sierra Leone. An outstanding 
merit of Professor Gordon’s work is that it covers a very wide field, and that it 
has all been done under difficult conditions in the tropics in Brazil and Africa. 
Recently Dr. Gordon has made the important discovery that tropical typhus 
fever exists in West Africa. His paper on that subject with Dr. Davey was 
published last year in Liverpool, and the discovery is bound to have far-reaching 
results. Unfortunately Dr. Gordon is unable to be present to receive the 
medal in person to-night, but I understand that Professor Warrington Yorke 
or Professor Blacklocic will do so ; I have therefore much pleasure in asking 
one or both of them to come forward and receive the medal and transmit it to 
Dr. Gordon. Perhaps Mrs. Chalmers will be so kind as to help me. 

Prof. Warrington Yorke advanced to receive the medal and Mrs. Chalmers 
handed it to him with the remark “ I am vciy pleased that Dr. Gordon has won 
this medal. I have been reading about the various papers he has written, and 
I should like to write to him myself and tell him how glad I am.” 

Professor Warrington Yorke : Sir, Mrs. Chalmers, ladies and gentlemen, 
it gave me a very great pleasure to learn that my colleague. Professor Gordon, 
had been awarded this medal by the Council of this Society. I very much 
regret that he is not here to receive it in person to-night, and I am sure 
that when he learns of the circumstances attached to this presentation he will 
regret it also. I feel that he will appreciate this recognition of his work very 
highly, and that he will esteem the medal not less highly when he learns that it 
has been presented in person by its donor, Mrs. Chalmers; and that this medal 
of gold was handed to her for the purpose by the President with the silver 
tongue. 


This concluded the business of the Annual General Meeting. 



Proceedings of an Ordinary Meeting of the Society 
held after the Annual General Meeting 
at Manson House, 26, Portland Place, London, W., 
at 8.45 p.m., on Thursday, 17th June, 1937. 

Lt.-Col. S. P. J;\MF.s,C.il/.G., IM.D., F.R.S., I.i\I.S.(retd.), Pm/V/e;//, in the Chair. 
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BLACKWATER FEVER IN MACEDONIA. 

nv 

HENRY FOY, M..A. 

AND 

ATHENA KONDI, M.D. 

League of Nations Malaria Research Laboratory, Refugee IJospital, Salonika * 


During five years work in Greece some 450 cases of blackwater fever have 
been seen and investigated in the laboratory, and some 900 made available for 
statistical analysis. 

These cases have been drawn from the Refugee and Munieipal Hospitals 
in Salonika, the villages and towns in the Plains of Drama and Chrysoupolis, 
and along the northern coast of the Peloponessus near Patras. 

A full statistical analysis of our figures, together with charts, tables and 
equations, is now in the course of preparation and will be published later. Below 
we are only attempting to outline a brief general summary of our findings. 

In Table I and Fig. 1 are shown the number of blackwater fever cases 
that have entered the two hospitals of Salonika in the period of 1923-1936, 
together with other related data on malaria and total admissions. 

That this table represents only a part of the blackwater fever picture in 
Greece may be gathered from the fact that in 1933 out of thirty-seven cases 
occurring in an area under our control in the Peloponessus (Aighion) only three 

^Dorothea Simmons Research Funds. 

We are indebted to the Greek Ministry of Health and the Athens School of 
Hygiene for innumerable facilities that have been granted to us, without which most 
of this work would have been impossible. 

To Drs. Barber, Rice and M. C. Balfour, of the International Health Division of the 
Rockefeller Foundation we are greatly indebted for data on spleen and blood indices for 
malaria from various centres in Greece under their control. 



Yearly Distribution of Blackwater Fever and Malaria. 


BLACirWATER FE\'ER IX MACEDONIA, 



1 




t 






















HKNRV FOY AND ATHENA ICONDI. 


125 


entered the local hospital. We think it probable that not more than one 
cjuarter or one-fif<.h of the total number of cases of blackwater fever occurring 
ever reach the hospital, and since the disease is not a notifiable one, no accurate 
estimate of the real number occurring can be made. Our opinion is, however, 
that blackwater fever is probably very much more prevalent in Greece than 
anywhere in the world. 



Fig. 1. — Malaria and blackwater fever admissions, 1923-36 

(Salonika). 

The low incidence of blackwater fever in 1923 and 1924 is perhaps not 
unrelated to the immigration of large numbers of refugees from areas in Asia 
Minor where malaria was either absent or of negligible importance. It is our 
opinion that this large immigration (variously estimated at between 700,000 and 
H million) cannot be separated from the blackwater fever problem as it exists 
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in Macedonia, and the lack of correlation (see Fig. 1) between malaria and 
blackwater fever in 1923 and 1924 (when the refugees were arriving) is no doubt 
related to this. 

According to Stephens, 1 or 2 years exposure to malaria is usually 
necessary before an individual develops his maximum susceptibility to blackwater 
fever. It is not surprising, therefore, that the malaria and blackwater fever 
of 1923 and 1924 lack the correlation that is evident in the later period, 
and in calculating the regression equation given below we feel we were j ustified 
in omitting the years 1923 and 1924. 

Bearing in mind Stephens’ hypothesis we might expect to find the number 
of blackwater fever cases (B) in any one year related to any or all of the 
following : — 

(i) The number of malaria cases in the same year (Mq). 

{it) „ „ „ „ „ 1 year previous (Mj). 

(m) „ „ „ „ „ 2 years previous (Mg). 

A regression equation was calculated expressing B in terms of Mq, and 
h'lj with the result that B was found to equal 

0-056Mo — 0-003Mi — O-OOSMs — 7. 

To determine which of these coefficients was significantly different from 
zero we used R. A. Fisher’s tables of “ t ” to decide what probability there was 
of obtaining such a coefficient by chance from uncorrelated data. We found 
that 

Coeff. Mo = 0-056 P = 0-04 

„ Ml = 0-003 P = 0-8 

„ Ms = 0-008 P = 0-7 

We are therefore justified in regarding B as independent of Mi and Mj 
and may construct an equation expressing B in terms of Mq. 

When— 

B = 0-0554Mo — 25-6 P < 0-02 

and we must consider this coefficient significantly different from zero. The 
correlation coefficient between B and Mq is 0-71, with a probability of obtaining 
such a figure by chance from uncorrelated data of less than 0-02. 

It is clear from our regression equation : — That the number of blackwater 
fever cases in any one year is quite independent of the number of malaria cases 
either in the previous year, or the previous 2 years. 

That in a population that has already been exposed to malaria for 1 or 2 
years the number of blackwater fever cases is significantly correlated with the 
number of malaria cases of the same year. 

That this correlation does not appear to hold in an unsensitised population, 
no matter how severe the malaria (cf. 1923 and 1924). 
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In addition to the relation with malaria, another fact emerges from a con- 
sideration of our figures, namely, that the susceptibility of the population of 
Macedonia to blackwatcr fever has been increasing with time, although somewhat 
irregularly. The 5 year averages of the blackwatcr fever cases graphed in Fig. 2 
show quite a well-defined tendency to increase. The ratio graphed in Fig. 3. 



shows a similar, though irregular, tendency to rise. The graph of the 5 year 
averages of B and ^ are not dissimilar, and their form suggests that the 
quantity graphed has risen from nearly zero in 1923, at first rapidly, but with a 
progressively diminishing rate of increase, and may be approaching an upper 
limiting value. Susceptibility, as measured by the ratio of ^ may in future tend 
to oscillate about this upper limiting value, instead of increasing irregularly as it 
has done in the past. 
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Put in another way, it appears not unlikely that when blackwater fever has 
reached this upper limiting value then the " blackwater fever producing 
capacity ” of malaria may become stable. 

The monthly incidence of blackwater fever is given in Table 11 and Fig. 4, 
corrected for months of 30*44 days, from which it will be seen that the peak 
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Fig. 3.— Ratio - 1923-36. 

M 


for malaria admissions occurs in September (but is probably fairly evenly spread 
between August to mid-October), and that for blackwater fever in November. 
Thus the lag between malaria and blackwater fever is fully established. If 
the peak for blackwater fever is shifted forwards 2 months, the correlation 
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BLACK\^■ATER FEVER IN MACEDONIA. 


between it and the malaria is almost perfect, the correlation coefficient being 
0-93. (See Fig. 5.) 

In connection with this seasonal distribution of blackwater fever it is of 
interest to note that the number of clinical cases of malaria entering the hospitals 
in September and Oetober is very high, as also is the blood index. In the later 
part of October and early November the number of clinical cases shows a fall, 
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Fig. 4. — Monthly distribution of malaria and 
blackwater fever 1923-36 
(corrected for month of 30-44 days). 

but the blood index is almost as high as in the previous months, and the fall 
in the latter does not become steep until the end of November. It will be 
obsert'^ed that the blackwater fever peak occurs in a period that appears to lie 
between an apparent malaria cure and a relapse, since the time of maximum 
malaria incidence is during August to mid-October, and the relapse period is 
in May. In Fig. 6, the blackwater fever admissions are plotted against the parasite 
indices for vivax, falciparum and malariae, from which it will be seen that the 
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2 monthly lag between the malaria and blackwater fever, evident when we plot 
the blackwater fever against clinical malaria admissions, has been reduced to 
1 to 2 weeks when read against the falciparum curve. From these curves it will 
also be seen that there is a very close relation between the malariae peak and black- 
water fever. We do not, however, attach much significance to this correlation 
of the malariae and blackn-ater fever peaks, because we have reason to believe 
that malariae is rarely or never associated with blackwater fever in Macedonia, 
as we shall show fully in our later analysis. 



Fig, 5. — ^IV'Ionthly distribution of malaria and black- 
water fever, with malaria shifted 2 months back. 


Regarding the parasite rate in blackwater fever, we have found approxi- 
mately 40 per cent, of our cases positive (360 cases examined). All the diagnoses 
were made on thick film smears, and in many" cases confirmed by spleen 
puncture. We regarded as positive all cases that showed parasites any time 
during the course of their stay in hospital (which in some cases lasted 6 weeks). 
Our rate is no doubt lower than it otherwise would have been on account of the 
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large percentage of the cases that took quinine just prior to their attack. We 
do not consider that this quinine had a differential effect on vivax and falcipartun, 
since from our work in the mental hospitals of Salonika we have found that 
falciparum in Macedonia is generally not more sensitive to quinine than vivax. 

We would add that, in our opinion, parasite rates in blackwater fever 
have little meaning unless three factors are taken into consideration, viz. : — 

(1) The amount and time of the last dose of quinine taken prior to the first 
passage of black urine. 

(2) The magnitude and duration of the haemolysis as measured by red blood 
cell counts, and bilirubin estimations. 

(3) The time that has elapsed between taking the blood smear and the 
first passage of black urine. 



Fig. 6. — Monthly distribution of vivax, falciparum and malariae compared 
with blaclnvater fever admissions (partly from Balfour). 


Of our positives 47 per cent, were falcipartun ; 33 per cent, vivax ; 14 per 
cent, mixed vivax and falciparum ; and 6 per cent, pigmented. 

The greater percentage of falciparum should not necessarily be taken as 
meaning that falciparum is more potent in producing blackwater fever than is 
vivax, since we know that in Macedonia /a/aparnwi is about 1-i- times commoner 
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BLACKWATER FETCR IN MACEDONIA. 


in the general population than is vivax, consequently it is not surprising that a 
greater percentage of our blaclavater fever positives showed falciparum parasites 
in their blood. 

In a subsequent paper we shall discuss in detail the results of working 
regression equations expressing blackwater fever in terms of falciparum, vivax 
and malariae-, for the present we would suggest that there appears to be little 
difference between the relative potency of vivax and falciparum so far as black- 
water fever is concerned, with perhaps a slight chance in favour of vivax being 
the more blackwater fever producing. But since mixed infections are generally 
common in Macedonia it is not possible to rule out previous sensitization with 
falciparum, although in blackwater fever films falciparum may not be present. 

FAMILY INCIDENCE. 

As other workers, we have been struck with the large number of cases that 
occur in certain families. Out of 494 cases, 360 ( = 73 per cent.) occurred in 
families one or more members of which had been previously attacked. The 
explanation sometimes given that such families often live in more malarious 
centres is by no means always found to hold. 

AGE DISTRIBUTION. 

In Table III the age distribution is given for the cases occurring in 
Macedonia. There is nothing particularly noteworthy in this ; 0-97 per cent, 
occur in the age group below 16 years, and 0-75 per cent, above 16 years, which 
we may regard as practically identical. 

DEATH RATE. 

The death rate from blackwater fever in Greece is subject, as will be seen 
from Table IV, to very wide variations. On account of small numbers the 
earlier years cannot be regarded as very significant. It is interesting to note 
that (Table VII) the death rate is 22 per cent, in the age groups under 15 years 
where susceptibility is high, and 32 per cent, in the age group above 15 years 
where susceptibility is lower. 


SEX RATIO. 

In Table V is given the distribution of blackwater fever among the sexes. 
Our figures are in sharp contrast to those of Ross* who found that among 
Europeans in Southern Rhodesia blackwater fever was about six times more 
frequent among males than among females. 

*Ross, Gi R. (1932). Researches on blackwater fever in Southern Rhodesia. Res. 
Mem. Loud. Sell. trap. Med., No. G. 
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7'adle IV. 

Yearly Fluctuations in Death Rate, 1923-1936. 
(Refugee and Municipal Hospitals, Salonika.) 


Year. 

Number of Cases B.W.F. 

Number of Deaths. 

Percentage Fatality. 

1923 

9 

4 

44-40 

1924 

24 

9 

37-50 

1925 

35 

15 

42-86 

1926 

74 

29 

39-19 

1927 

60 

16 

26-66 

1928 

47 

17 

36-17 

1929 

51 

12 

23-50 

1930 

65 

25 

38-46 

1931 

80 

25 

31-25 

1932 

121 

36 

29-76 

1933 

55 

11 

20-00 

1934 

35 

7 

20-00 

1935 


7 

14-50 

1936 

144 

1 

34 

23-60 

Total 

1 848 

247 

29-10 


FREQUENCY OF ATTACKS OF BLACKWATER FEVER. 

One attack is much the most usual in Macedonia, but many go on to two 
or more. It is by no means uncommon in Greece, especially in the Pelopo- 
nessus, to find individuals who have had as many as six to twelve attacks in the 
course of 10 or 20 years. The data relating to this are summarised in Table VI. 
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BLACKWATER FEVER IN MACEDONIA. 


Summary. 

(1) A brief outline is given of some epidemiological findings regarding 
blackwater fever in Macedonia, a full report of which will be published later. 

(2) Large numbers of cases of blackwater fever occur in Greece, probably 
not unrelated to the immigration of refugees from areas in Asia Minor where 
malaria was either absent or of negligible importance. 

(3) Regression equations were calculated to define any relationship that , 
existed between malaria and blackwater fever in Mq Mj and M, years with the 
result that a definite correlation was found to exist between the number of 
malaria cases in any year and the number of blackwater fever cases in the same 
year, in an already sensitized population. 

(4) No correlation was established between the number of blackwater fever 
cases and the malaria cases occurring either 1 year or 2 years previously. 

(5) No correlation existed between malaria and blackwater fever in an 
unsensitized population, no matter how severe the malaria. 

(6) The susceptibility of the populations of Macedonia to blackwater 
fever has been steadily rising during the last 14 years, although somewhat 
irregularly. Susceptibility as measured by the ratio ^ may in future tend to 
oscillate about an upper limiting value, instead of increasing irregularly as it has 
done in the past. 

(7) The seasonal lag between the malaria and blackwater fever peaks is 
established ; and the correlation found to be 0-93 when the blackwater fever 
peak is shifted forward 2 months. 

(8) Blackwater fever appears to occur in a period that lies between an 
apparent malaria cure and relapse, as indicated by the seasonal distribution of 
malaria and blackwater fever, and the malaria relapse season in A'lacedonia. 

(9) 40 per cent, of the cases of blackwater fever were found to be positive 
for malaria ; 47 per cent, falciparum, 33 per cent, vivax, 14 per cent, mixed 
falciparum and vivax, 6 per cent, pigmented. This should not be taken to 
imply that falciparu77i is a " more potent producer ” of blackwater fever than 
vivax, since falciparim is about times more prevalent among the general 
population of Macedonia than is vivax. But parasite rates in blackwater fever 
should not be taken to have any great significance unless the following are 
known : — 

ii) Time and amount of quinine taken prior to first passage of black water. 

{ii) Magnitude and duration of the haemolytic process as measured by red 
blood cell counts, and bilirubin levels. 

(m) Time elapsed between first passage of black urine and taking blood 

film. 

(10) Charts and tables are given showing age distribution, sex ratio, death 
rates, family incidence, frequency of attack, etc. 
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PSEUDO-METHAEMOGLOBIN IN BLACKWATER FEVER AND 
ITS CLINICAL SIGNIFICANCE.’^^ 

BY 

N. H.\MILTON FAIRLEY, M.D., D.Sc., F.R.C.P. 

AND 

R. J. BROMFIELD. 


From the Laboratory, Hospital for Tropical Diseases, London ; and the Clinical Division 
London School of Hygiene and Tropical Medicine. 


In addition to o.vyhaemoglobinaemia, methaemoglobin had been recorded 
in the plasma of blackwater fever patients by Arkwright and Lepper (1918), 
Yorke, Murgatroyd and Owen (1930), Ross (1932), and Fairley and 
Bromfield (1934a). In the same year the last observers (1934b) recorded 
a new pigment closely allied to methaemoglobin in the plasma of a patient 
desperately ill with blackwater fever. The pigment was demonstrated in the 
circulating blood over a period of 10 days. Spectroscopically it resembled 
methaemoglobin, but failed to reduce with Stokes’s reagent or ammonium 
sulphide (10 per cent.). It produced a chocolate coloured blood, a brown 
coloured plasma, was absent from washed corpuscles and failed to appear in 
the urine in demonstrable quantities. Specimens of plasma were sent to 
Prof. D. Keilin who reported that, though the spectrum had the general 
appearance of methaemoglobin, the bands were shifted about 60 Angstrom 
units towards the short wave end of the spectrum ; it was easily reduced 
with sodium hydrosulphite (NajSzOJ and gave a typical haemochromogen 
(globin-protohaemochromogen), but apart from its spectroscopic similarity 
and its trivalent iron it had no properties of methaemoglobin when tested with 
alkali, HaOa, HgS, azide, etc. Professor Keilin regarded the pigment as entirely 
new, probably originating as a modification of methaemoglobin in which the 
globin portion of the molecule had been altered. 

*The expenses of this investigation in Macedonia were met by a research grant from the 
London School of Hygiene and Tropical Medicine. We are greatly indebted to Mr. Henry Foy, 
M.A. (Oxon.), for affording us such excellent facilities for laboratory investigation at the League 
of Nations Laboratory for Malarial Research, Salonika, and also to his assistant, Dr. A. Kondi, for 
invaluable assistance in the bedside study of patients. Dr. P. Manson-Bahr has kindly 
placed his clinical material at our disposal in London, and our investigations here have been 
assisted by a grant from the Colonial Medical Fund. 
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About a year later the same pigment, which we have recently named 
pseudo-methaemoglobin (Fairley, 1937), was again encountered. Owing to its 
importance the history of this second case along with the biochemical findings 
are recorded in some detail. 

Case 10. (London series.) 

A male European from the Gold Coast, aged 48 years, was admitted to the Hospital 
for Tropical Diseases, London, under Dr. Manson-Bahr, in a semi-conscious condition 
with haemoglobinuria of over 2 days’ duration. Since Christmas, 1934, he had frequently 
suffered from malaria and in February, 1935, had developed blackwater fever while in 
"West Africa. More recently he had been working in mines on the Gold Coast. During the 
voyage home he developed malaria and subsequently took quinine, 30 grains, each day. 

Present Attack. — ^The patient arrived in England on 22.10.35. Five days before admis- 
sion, f.e., 6.11.35, he had felt ill and on 9,11.35 passed black-coloured urine. 

10.11 .35. — There was a severe rigor at noon lasting 4 hours, associated with pain in the 
right hypochondrium. Jaundice was present. He vomited everything he ate ; the 
vomitus contained blood. Black urine was passed all day ; later he became delirious. 

11.11.35. — ^The patient arrived at hospital, semi-comatose with incontinence of urine 
and faeces. Temperature — 101° F. Pulse — 1 12. Respirations — 32 per minute. The 
eyes were glazed, the skin was a pallid yellow, the conjunctivae bile-stained, the breathing 
stertorous, the tongue dry and furred and there were crepitations at both bases. The abdo- 
men ‘was distended and tender to palpation. The spleen was soft, tender and enlarged 
to the umbilicus (++). Catheterized — 50 c.c. black urine. Faeces; black. Vomited 
dark green fluid. Blood pressure — S/D = 80/48. Veins so collapsed that it was difficult 
to insert needle. Plasma contained much oxyhaemoglobin and the new pigment, pseudo- 
methaemoglobin. R.B.C.’s = 910,000 per c.mm. ; haemoglobin = 20 per cent. (Haldane) ; 
blood urea = 105 mg. per 100 c.c. ; plasma CO 2 = 34-5 vols. per 100 c.c.. Van den Bergh 
— direct reaction negative, indirect reaction positive (8 units). Urine — deep port-wine 
colour ; acid in reaction ; oxyhaemoglobin and methaemoglobin present ; albumin = 
0'55 per cent. ; much urobilin ; centrifuged deposit showed no casts, a few epithelial cells 
and amorphous deposit. 

Treatmeiit. — On 1 1.1 1.35, the day of admission, the patient was given 2 pints of sodium 
bicarbonate solution intravenously (150 grains to 1 pint), a blood transfusion of 750 c.c. 
of citrated blood and 500 c.c. of 5 per cent, glucose solution. Next day, i.e., 12.11.35, he 
received 800 c.c. of citrated blood and 2 pints of 5 per cent, glucose solution intravenously. 
Atebrin, 0-1 gramme, was given thrice daily per os for 7 days, and a bicarbonate and citrate 
mixture prescribed three-hourly. On 13.11.35 another blood transfusion of 780 c.c. of 
citrated blood and 1 pint of 5 per cent, glucose solution were administered. Anti- 
phlogistine was applied to the loins. Ferri et ammon. cit., grains 30, t.d.s.p.c., was com- 
menced on 17.11.35 and continued throughout his illness. Ten days later, i.e., 27.11.35, 
campolon injections (2 c.c. daily) were administered for 6 days. On 2.12.35 potassium 
iodide, grains 30 daily, was given and weekly injections of 0-3 graimme of stabilarsan and 
1-5 c.c. of bismostab were instituted. 

Progress Notes. — The immediate response to treatment was most satisfactory. By 
the following day, 12.11.35, the condition, though grave, had improved. The pulse was 
dicrotic and the blood pressure S/D = 80/48. R.B.C.’s = 1,090,000 per c.mm. Urine — 
amber coloured. 

13.11.35. — Patient had a restless night with intermittent bouts of hiccough. After 
applying antiphlogistine to the loins 10 ounces of black urine were passed. Blood pressure 
— S/D = 104/50. R.B.C.’s = 1,425,000 per c.mm. Blood urea = 250 mg. per 100 c.c. 
The Wassermann and Kahn reactions were strongly positive (-f -(-). 

14.11.35. — He spoke rationally, but bouts of hiccough were troublesome. Tongue 
was dry, yellow and furred. Spleen had decreased somewhat in size ( + ). Blood pressure 
— S/D = 1 10/64. R.B.C.’s = 1,875,000 per c.mm. Blood urea = 274 mg. per 100 c.c. 

15.1 1.35. — Tongue was cleaner, but patient remained restless and drowsy, with bouts 
of hiccough. Blood pressure — S/D = 106/66. Blood urea = 276 mg. per 100 c.c. 
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16.11.35. — Abdominal tenderness had disappeared, spleen just palpable and hiccough 
less frequent. Urine was completely free from haemoglobin for first time. Blood urea = 
210 mg. per 100 c.c. R.B.C.’s = l,7vSO,000 per c.mm. 

19.11.35. — During the day patient became drowsy and vomited. Hiccough still 
troublesome. Blood urea = 348 mg. per 100 c.c. R.B.C.’s — 1,920,000 per c.mm. 


HAEMATOLOCy AND BIOCHEMISTAY Cf rOLAUItIC CASE OF SLACNWATHv FtVEA TRANSFUSED THREE TIMES. 



21.11.35. — drowsy after a restless night. Passed some small clots in urine. No 

vomiting or hiccough. Blood urea = 387 mg. per 100 c.c. ... . 

22.11.35. — Blood pressure— S/D = 108/66. Still passing small clots in urine and 
blood urea still rising (480 mg. per 100 c.c.). R.B.C. s ,0-o,000 per c.mm. 
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23.11.35. — Improving. Blood pressure — S/D = 110/74. Tongue only slightly 
furred. No hiccoughing or vomiting for over 24 hours. Blood urea notv falling (320 mg. 
per 100 C.C.). 

25.11.35. — Still improving. Systolic haemic murmur. Edge of spleen just palpable. 
Blood pressure — S/D = 104/64. Blood urea = 227 mg. per 100 c.c. 

27.11.35. — Improving steadily. Still passing urine with clots containing casts. 
Blood pressure — S/D = 104/66. Blood urea = 176 mg. per 100 c.c. R.B.C.’s == 
2,235,000 per c.mm. ; haemoglobin = 36 per cent. 

4.12.35. — Greatly improved. Blood pressure — S/D = 120/80. Haemic murmur 
disappeared. Spleen not palpable. Blood urea almost normal (51 mg. per 100 c.c.). 

9.12.35. — Improvement maintained. Urine normal. R.B.C.’s = 3,580,000 per 
c.mm. ; haemoglobin = 54 percent. ; colour index = 0-8. 

16.12.35. — Sitting out of bed for few days. 

2.1.36. — R.B.C.’s = 4,530,000 per c.mm. ; haemoglobin = 80 per cent. ; colour 
index = 0-9. Blood urea = 24 mg. per 100 c.c. 

3.1.36. — Left hospital. 


COMMENT. 

The rapid increase in the red cells following blood transfusion on 3 con- 
secutive days was striking, the count rising from 910,000 per c.mm. (11.11.35) 
to 1,875,000 c.mm. (14.11.35) within 3 days. A maximal reticulocyte response 
of 18-4 per cent, occurred 10 days after the haemoglobinuria had commenced. 
Despite the reticulocyte response and the treatment adopted, blood regeneration 
was sluggish. The blood counts, however, gradually improved and on discharge 
from hospital on 2.1.36, t.e., 52 days after onset, the R.B.C.’s = 4,530,000 per 
c.mm. and the haemoglobin = 80 per cent. (Haldane). 

Renal Function . — Water excretion was good, a normal volume being passed 
throughout the illness. The urine was acid to litmus until 13.11.35 when the 
reaction became alkaline as a result of alkaline medication. Albuminuria was 
marked and haemoglobinuria of variable intensity persisted for 6 days. On the 
3rd, 4th and 5th days true methaemoglobinuria coexisted with oxyhaemo- 
globinuria, but only oxyhaemoglobin was found in the urine on the 6th day. 
The new pigment — pseudo-methaemoglobin — was never demonstrable in the 
urine. On the Hartridge reversion spectroscope the a band coincided with 
that of artificially prepared methaemoglobin, while it was promptly dispersed 
by Stokes’s reagent and dilute ammonium sulphide (10 per cent.). 

Bile salts and bile pigments were never noted, but urobilinuria was present 
throughout this period. Casts were not numerous at first, but later small clots 
composed of mucus, leucocytes and casts were much in evidence. On 21.11.35 
Col. F. P. Mackie reported enormous numbers of cylindroids and casts. The 
casts were coarsely and finely granular and some were hyaline. A number of 
them contained globules of variable size, composed of hyaline material saturated 
with haemoglobin ; superficially they resembled red blood corpuscles. They 
were identical with the casts blocking the tubules observed in sections of the 
kidneys of blackwater fever patients and malaria-infected monkeys developing 
haemoglobinuria (P. knowlesi). Their appearance in the urine in large numbers 
was followed within 48 hours by a dramatic drop in the blood urea, which 
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reached a maximum of 480 mg. per 100 c.c. on the 14th day (22.11.35) and 
subsequently rapidly decreased. A normal figure, however, was not attained 
until 3 weeks later (see Graph). 

One other feature of note concerned the plasma COo which on admission 
(11.11.35) had equalled v34-5 vols. per 100 c.c. The kidneys at this stage had 
obviously been damaged as a result of the initial excretion of oxyhaemoglobin. 
As in certain other cases of our series the decreased bicarbonate reserve resulted 
from an inability of the kidneys to secrete acid radicles adequately with conse- 
quent decrease in the alkaline reserve and a tendency to renal acidosis. Such 
a conclusion is in accord with the clinical findings for the patient was semi- 
conscious, ver}f dyspnoeic and breathing stertorously at this stage of his illness. 
The rapid improvement following the injection of 2 pints of sodium bicarbonate 
(150 grains to 1 pint) and blood transfusion is depicted in the graph. Next day 
the plasma COo had risen to 65-6 vols. per 100 c.c. and thereafter remained 
within normal limits. 

Plasma Pigments . — The plasma contained both oxyhaemoglobin and the 
new pigment. Pseudo-methaemoglobin was demonstrated in the plasma from 
the 3rd to the 8th day, an extinction coefficient of 5 being reached on the 5th 
day, whereas the maximum cxj^haemoglobin concentration observed (5TS mg. 
per 100 c.c.) was on the 3rd day (see Graph). These findings were also reflected 
in the colour of the plasma, which on the 3rd day was a deep brownish-red 
with the decrease in oxyhaemoglobin it became a deep golden brown. 

The bilirubin content of the plasma was estimated daily, the indirect 
van den Bergh being 8 units on the 3rd and 5th days, after which it rapidly 
declined attaining a normal level on the 11th day (see Graph). The direct 
reaction was negative throughout. 

MACEDONIAN CASES. 

During the next 6 months no further opportunity was afforded of investi- 
gating blackwater fever patients in London, and after discussing the matter with 
Dr. C. M. Wenyon and Professor W. W. Jameson, arrangements were made 
with Mr. PIenry Foy, M.A. (Oxon.), Director of the League of Nations Malarial 
Laboratory, Salonika, to carry out an investigation there. The remainder of 
this paper is based on data collected in Macedonia during November and 
December, 1936. 

Sources of clinical material were the Refugee Hospital, which drains the 
population in the villages and rural districts surrounding Salonika, and the 
Municipal Hospital which deals with the townspeople of Salonika itself. Mr. 
Henry Foy also arranged, through the Public Health Department, to be notified 
by telegram of blackwater fever patients within a radius of 80 kilometres of 
Salonika. In this way we were enabled to see some of the patients in country 
hospitals as well as in certain villages where blackwater -fever was endemic 
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On these excursions, as well as in Salonikan hospitals, Dr. Athena Kondi 
acted as interpreter and rendered invaluable aid both in the collection of material 
and in the bedside study of patients. 

Despite the fact that our investigations were mainly undertaken in December, 
when the incidence of blackwater fever begins to decline, it was impossible not 
to be impressed with the large number of patients who presented haemoglo- 
binuria as a predominant feature of their illness, and with the unique potentialities 
of Macedonia for the study of this disease. 

Some twenty-five cases were personally examined in a period of 6 weeks 
and, of these, fourteen were specially investigated from the viewpoint of the 
plasma and urinary blood pigments. It is with this group that the present paper 
mainly deals. 

Particular attention was directed to other possible causes of intravascular 
haemolysis and atypical cases received special study. Bean haemoglobinuria 
was never met with ; this, however, was not unexpected, as it does not occur 
anywhere in Greece during the winter months. 

In our series all the patients were subjects of chronic malaria and had been 
in the habit of taking tablets of quinine sulphate for their fever. All, with one 
exception, had had quinine and plasmoquine by the oral or parenteral route 
or both within 24 hours of developing blackwater. In the exceptional case 
(Case VII) the patient was emphatic that he had received no anti-malarial drugs 
for 15 clear days before haemoglobinuria set in. Detailed information is 
available in the case histories published at the end of this paper [Appendix L] 


SCOPE OF LABORATORY INVESTIGATIONS. 

Special care Avas taken in collecting the blood in tubes containing fluid oxalate 
in order to minimise plasmolysis. It was, however, rarely possible to collect 
specimens under paraffin, and we, therefore, adopted a slightly higher standard 
than formerl}', namely, that the plasma haemoglobin should exceed a con- 
centration of 20 mg. per 100 c.c. before it could be regarded aS' necessarily 
significant of true haemoglobinaemia. The technique adopted in quantitative 
estimations was a spectroscopic dilution method similar to that used by Fairley 
and Bromfield (1933), and depended on the determination of the extinction 
coefficient of the a band of the different pigments under investigation. Multiple 
obseiA'ations on consecutive days were made when possible and included 
haematological and biochemical investigations of the blood, and biochemical 
and cytological investigations of the urine. The blood urea and the plasma 
bilirubin were estimated as a routine. In addition both the plasma and urine 
were investigated for various blood pigments, and rvhere an a band was noted 
in the red portion of the spectrum the specimen rvas examined on a Hartridge 
reversion spectroscope set against artificially produced methaemoglobin, and, 
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if it was considered necessar}', sulphaemoglobin* as well. The methods we have 
used in the routine differentiation of blood pigments presenting an a band in the 
red portion of the spectrum are epitomized in Table I. 


Table I. 

The Methods vsed in the Routine Differentiation of certain Blood Pigments* 
PRESENTING AN .^LPHA BaND IN THE RED PORTION OF THE SPECTRUM. 


Test. 

Methaemoglobin. 

Pscudo-methaemo- 

, globin (New Pigment). Sulphaemoglobin. 

Alpha absorption band 

0,300 

C,2i0— 0,240 0.100 

(Angstrom units) 

Stokes’s reagent 

Alpha band dispersed 

Nil Nil 

Ammonium sulphide 

Alpha hand dispersed 

Nil Nil 

(10 per cent.) 

Hydrogen peroxide 
(10 vols.) 

.■\lpha band dispersed 

Nil .-Alpha band dis- 

persed 

Sodium hydrosulphite 

.■Alpha band dispersed 

Alpha band dispersed Nil 

(NaaSPi) 


these pigments produce a brown coloured plasma. 


It will be noted that apart from the different position of the a absorption 
band in the spectrum of these pigments, their behaviour to certain chemical 
reagents varies. Thus, treatment with freshly prepared Stokes’s reagent, 
ammonium sulphide (10 per cent.) and hydrogen peroxide (10 vols.) disperses 
the a band of methaemoglobin, but not of pseudo-methaemoglobin. Sodium 
hydrosulphite (NaoSoO^), on the other hand, fails to disperse the a band of 
sulphaemoglobin, though it does completely disperse it in the case of the other 
two pigments. On reduction with sodium hydrosulphite, solutions of pseudo- 
methaemoglobin change to a cherr)^ red colour due to the formation of haemo- 
chromogen ; solutions of methaemoglobin change to a purple red owing to the 
production of reduced haemoglobin. 

*Keilin has recently shown that Hoppe-Seyler’s supho-derivative of haemoglobin 
known as sulphaemoglobin is of undetermined nature and is not a simple reversible 
combination formed of H^S with either haemoglobin or methaemoglobin. [Proc. R. Soc. 
1933, B.vol, 113,p.393.) ‘ 
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BLOOD PIGMENTS IN THE PLASMA OF BLACKWATER FEVER CASES. 

The results obtained in the fourteen cases of blackwater fever specially 
investigated from this viewpoint are epitomized below. 

Table II. 

Blood Pigments in the Plasma of Blackwater Fever Cases. 


Total 

Cases. 

Oxyhaemoglobin. 

O.xyhaemoglobin and 
pseudo-methaemoglobin. 

Pseudo- 

methaemoglobin. 

Methaemoglobin. 

14 

0 

10 

2 

0 


In the two instances (Cases IV and V) where oxyhaemoglobin alone was 
found in the plasma, both were children, and in both the haemoglobinuria was 
mild and of less than 24 hours’ duration. 

The two patients, whose plasma contained pseudo-methaemoglobin alone, 
were investigated in the post-haemoglobinuric stage and both were fatal. 
Biochemical data may be studied in Table III. 

Table III. 

B10CHE.MICAL Observations on Two Fatal Cases seen in the Post-Haemoglobintjric Stage 
WHEN ONLY PsEUDO-MeTHAEMOOLOBIN WAS PRESENT IN THE PlASMA. 





Blood Plasma. 



Case 

Number. 

Day of 
Disease. 

Colour. 

Oxy- 
haemoglobin 
(mg. per 

100 c.c.) 

Pseudo- 

methaemo- 

globin 

(Extinction 

coefficient). 

Bilirubin 
(van den Bergh 
units). 

Blood 

Urea. 

6 

5th 

Golden brown 

Nil 

3 




6th 

Yellowish brown 

Nil 

1 

9-6 



7th 

Pale yellowish 
brown 

Nil 

Nil 

2-8 



9th 

Dark golden brown 

Trace 

1 

6-0 

160 


10th 

.. 

Trace 

1 

4-5 

263 

8 

3rd 

Dark brown 

Nil 

1 

150 

253 


4th 

,, 

Nil 

Slight trace 

9-5 

297 


5th 

Light brown 

Nil 

Nil 

5-0 

113 


7th 

Yellow 

Nil 

Nil 

4-0 

196 


9th 

>■ 

Nil 

Nil 

1-0 

333 


The urine contained neither oxyhaemoglobin nor methaemoglobin. Urobilin was present. 
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One patient (Case VIII) died with anuria and renal acidosis on the 10th day. 
The plasma was not examined until the 3rd day when pscudo-methaemoglobin 
was found in small amounts (extinction coefficient — 1). A trace was present in 
a column 1 inch thick on the 4th day, but in no subsequent specimens. The other 
patient (Case VI) died from progressive anaemia and anoxaemia vdth adequately 
functioning kidneys on the 10th day of illness. Examination of the plasma on 
the 5th day. revealed a considerable quantity of pseudo-methaemoglobin (extinc- 
tion coefficient = 3), and small quantities of the same pigment were found on 
the 6th, 9th and 10th days (extinction coefficient = 1). Rigors, in the absence 
of demonstrable malaria parasites, occurred on the Sth, 9th and 10th days 
associated with increasing anaemia. The reappearance of pseudo-methaemo- 
globin in the plasma and the rise of its bilirubin content unassociated with 
demonstrable oxjdiaemoglobin in the urine suggested that intravascular haemo- 
lysis had recurred, but that owing to the transient nature of the haemolysis and 
the rapid formation of pseudo-methaemoglobin in the blood stream, o.xyhaemo- 
globin was appearing in the urine either in a quantity too small to be demon- 
strated, or not at all. Cases of this type with good water excretion, pseudo- 
methaemoglobinaemia and increasing anaemia are important to recognize since 
they belong to a group in which life can be definitely saved by repeated blood 
transfusion. These findings also explain one type of post-haemoglobinuric 
fever, associated with rigors in the absence of malaria parasites, which previously 
had not been understood. {Vide Appendix I, Case VI.) 

In the remaining ten patients both oxyhaemoglobin and pseudo-methaemo- 
globin were found in the plasma. The urine contained oxyhaemoglobin in all 
instances and in nine out of the ten cases methaemoglobin as well. Details 
concerning the case histories may be consulted in Appendix I and biochemical 
data are epitomised on pp. 148-149. 

The amount of haemoglobin present in the plasma of this series at different 
times varied from a minimum of 23T mg. to a maximum of 522 mg. per 100 c.c. 
The latter figure corresponds to 3‘77 per cent. (Haldane scale). It is not at 
present possible to express the amount of pseudo-methaemoglobin quantitatively 
except in terms of the extinction coefficient, but using this method values of 
from 1-0 to 5-5 were recorded. In this regard it is well to remember that the 
absence of demonstrable pseudo-methaemoglobin in mild cases may have been 
due to its spectroscopic insensitiveness. Allied pigments which produce 
brown plasma and contain an a band in the red portion of the spectrum approxi- 
mating to that of pseudo-methaemoglobin show poor relative intensities of their 
absorption bands. Thus, Bloem (1933) found that the extinction coefficient 
for sulphaemoglobin was ten times more, and for methaemoglobin was nine 
times more, than for oxyhaemoglobin. These pigments therefore have to be 
present in considerable quantity in the plasma before they are demonstrable 
by direct spectroscop}'', and the available data indicate that this is also the case 
with pseudo-methaemoglobin. 



Biochemical Data on Blacicwater Fever Cases in Macedonia. 
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The time incidence in the appearance of pseudo-methaemoglobin is a matter 
of importance and from previous quantitative observations on our London cases 
based on the extinction coefficient of what, at that time, was erroneously thought 
to be methaemoglobin, as well as from quantitative observations on Macedonian 
cases, there can be little doubt that pseudo-methaemoglobin is formed from 
extra-corpuscular haemoglobin. The results of in vitro experiments entirely 
support this view. Though pseudo-methaemoglobin may occur in the plasma 
in association with oxyhaemoglobin as early as 4 hours after the reputed onset of 
haemoglobinuria, its appearance is sometimes delayed until the 2nd day. 
Quantitative observations indicate that its maximum concentration is attained 
later than that of oxyhaemoglobin, while not infrequently in fatal cases its 
concentration progressively rises until death, whereas that of oxyhaemoglobin 
falls. Graphs of such cases well illustrate the production of the new pigment 
at the expense of extracorpuscular haemoglobin. Furthermore, in patients 
examined during the post-haemoglobinuric stage where pseudo-methaemoglobin 
is alone recorded in the plasma, one daily examination of the urine is not 
sufficient. Investigation of each specimen of urine and examination of the 
plasma every few hours may be necessary to detect the transient recurrent 
haemolyses which are responsible for a pseudo-methaemoglobinaemia persisting 
over several days. 

Repeated attempts were made to demonstrate pseudo-methaemoglobin 
within the corpuscles. For this purpose oxalated blood from blackwater fever 
cases was centrifuged, the supernatant plasma pipetted off and the corpuscles 
subsequently washed in isotonic saline and centrifuged. Suspensions of such 
corpuscles were invariably bright red in colour. When the packed corpuscles 
were subsequently lysed with distilled water, centrifuged and the supernatant 
reddish fluid examined for blood pigments, oxyhaemoglobin but never pseudo- 
methaemoglobin was found. 

BLOOD PIGMENTS IN THE URINE IN BLACKWATER FEVER. 

The pigments of special interest which have been described as occurring 
in the urine of blackwater fever, include oxyhaemoglobin, methaemoglobin, 
urobilin and a brown pigment, demonstrable in the centrifugalized deposit, 
which is generally regarded as acid haematin. With this last pigment, we do 
not at the moment intend to deal, except to point out that it has not the solubilities 
of artificially produced acid haematin and is difficult or impossible to demonstrate 
spectroscopically. 

In the Macedonian cases, daily observations were made on the biochemical 
and cytological changes in the urine whenever possible, and data regarding the 
different blood' pigments are summarized in Table V. 

It' will be seen that urobilinuria was invariably present at some stage of 
the disease. Oxyhaemoglobin and true methaemoglobin occurred in ten cases, 
and oxyhaemoglobin unassociated with methaemoglobin in two others. The 
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remaining two cases were examined in the post-haemoglobinuric stage, when 
only urobilin was present. Had they been investigated earlier, oxyhacmoglobin 
or methaemoglobin or both would undoubtedly have been found. It is interesting 
to note that in both these cases pseudo-methaemoglobinaemia was demonstrated. 

The quantities of blood pigment actually present varied considerably in 
different cases and at different times in the same case. The minimum and 
maximum values of oxyhaemoglobin obscr\^ed varied from 15*8 mg. to 284 mg. 
per 100 C.C., and those of the minimum and maximum for methaemoglobin 
from 90-5 to 905 mg. per 100 c.c. 


Table V. 

Blood Pigments in the Urine. 


Total 1 ! 

Oxyhaemoglobin and 

, 

Pseudo- ! 


Cases, j O.'cyhaemoglobin. 

methaemoglobin. 

methaemoglobin. ■ 

i 

Urobilin. 

i 

) 

14 i 2 

i 

10 

0 

14 


Pseudo-methaemoglobin was never found in the urine despite the fact that 
it Avas persistently searched for. Invariably on the Hartridge reversion spectro- 
scope the bands of urinary methaemoglobin synchronized with those of artificially 
prepared methaemoglobin : furthermore, the a band was readily dispersed by 
Stokes’s reagent, ammonia, ammonium sulphide (10 per cent.) and hydrogen 
peroxide (10 vols). 

As pseudo-methaemoglobin was never demonstrated, and as it was not 
destroyed when plasma containing it was incubated with sterile urine for 
24 hours at 37° C., we feel satisfied in concluding that it is a non-threshold 
substance for the kidney. 

In connection Avith the spectroscopical examination of blood pigments in 
urine tAA^o observations of some practical interest were made. Specimens put 
aside for collection at the hospitals Avere not infrequently found to have a strong 
ammoniacal odour due to ammoniacal fermentation. Such urines Avere dark 
red in colour, strongly alkaline to litmus, but failed to shoAV the a band of methae- 
moglobin. On acidification with acetic acid, hoAvever, methaemoglobin appeared. 
Hartridge (1920) found that alkaline methaemoglobin Avas formed from 
methaemoglobin at a pH of 8-2 to 9’0. According to Haurowitz (1924) the 
conversion of acid into alkaline methaemoglobin begins at pH 7, is 50 per cent, 
complete at pH 8-4 and complete at pH 10. In these ammoniacal urines it Avas 
therefore not surprising that only alkaline methaemoglobin Avas found. Secondly, 
AA’'e noted on three different occasions that on adding ammonium sulphide to 
urine containing methaemoglobin the a band disappeared only to be replaced 
by another band in the red portion of the spectrum corresponding to sulphaemo- 
globin. Harrison (1930) in a case of gross methaemoglobinuria due to Bacillus 
zvelchii septicaemia noted the same phenomenon, and Professor Snapper in a 
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personal communication informed him that it was not very rare in cases of 
methaemoglobinuria to convert some of the methaemoglobin into sulphaemo- 
globin under these circumstances. The change may be effected by either 
10 per cent, or concentrated ammonium sulphide. 

The Origin of the Urinary Blood Pigment. — ^AIl observers now appear agreed 
that oxyhaemoglobinaemia is directly responsible for the oxyhaemoglobinuria, 
the physiological teaching being that the oxyhaemoglobin is filtered through the 
glomeruli whenever its concentration in the blood exceeds the renal threshold. 
Opinion in regard to the source of the urinary methaemoglobin has however 
been divided. Some have regarded the condition as arising as a “ true ” 
methaemoglobinuria secondary to methaemoglobinaemia, others as a “ false ” 
methaemoglobinuria in which the methaemoglobin was formed from oxyhaemo- 
globin in the renal tubules or bladder. 

Our finding that the pigment in the plasma, described previously as 
methaemoglobin, is a new pigment — pseudo-methaemoglobin — which is not 
eliminated via the kidneys, settles the question. There can now be no reasonable 
doubt that the methaemoglobinuria is of “ false ” type. 

Renal Dysfunction and Anuria. — Yorke and Nauss (1911) worked out the 
mechanism of anuria in blackwater fever and stressed the importance of adequate 
water excretion in preventing blockage of the tubules by haemoglobin debris. 
Baker and Dodds (1925), in experimental work on rabbits, found that a pH of 
6’0 or less and a concentration of NaCl exceeding 1 per cent, in the tubules 
favoured the formation of methaemoglobin and ultimately of acid haematin 
which, in their opinion, largely constituted the precipitate blocking the lumina. 
If the urine was alkaline in reaction the oxyhaemoglobin remained unmodified 
and was excreted as such in the urine without damaging the kidneys. 

Ross (1932) generally confirmed the in vitro experiments of Baker and 
Dodds, but pointed out that certain anomalies were occasionally found in black- ' 
water fever in man, such as the presence of oxyhaemoglobin in urine with a pH 
of 5-5, and of a mixture of oxyhaemoglobin and methaemoglobin in specimens 
with a pH of 6-8. Such paradoxical results were attributed to the facts (1) that 
methaemoglobin was formed over a wider range of pH than was indicated by 
the in vitro experiments, and that an acid reaction was not invariably required ; 
(2) that the time elapsing between the exit of urine from the tubule and the time 
of examining the specimen was very variable. Since every specimen examined 
was a mixture of urine that had entered the bladder at all intervals during the 
period since that organ was last evacuated, it was not surprising that oxyhaemo- 
globin was found even in specimens with a low pH. 

Any severe intravascular haemolysis in man ordinarily leads to blockage of 
the lumina of a proportion of the collecting and other tubules and to degenerative 
changes in their lining epithelium. Our pathological and biochemical findings 
indicate that if a sufficient number of nephrons be involved oliguria, anuria, 
nitrogenous retention with a high blood urea, uraemia and renal acidosis 
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characterized by a low plasma bicarbonate, low serum calcium and liigh blood 
phosphorus follow. On the other hand, where the initial haemolysis has been 
smaller and renal damage less extensive, the increased urea content of the blood 
exerts its well-known diuretic effect and polyuria results ; such cases rarely die 
from uraemia but may succumb from anaemia if the haemolysis continues or 
recurrent haemolyses supen-ene. 

Quantitative studies by Yorke, Murgatroyd and Owen (1930) indicate 
that not more than '10 per cent, of extracorpuscular haemoglobin is excreted in 
the urine, the remainder being presumably disposed of by the reticulo-endothelial 
cell s 5 'stem and liver. An obvious explanation of the limited renal excretion of 
haemoglobin is decreasing functional efficiency associated with oliguria and 
anuria, but this view fails to explain why the haemoglobin excretion is also 
limited in cases of pol}mria where the water excretion is high. In this respect 
the production of pseudo-methaemoglobin from extracorpuscular oxyhaemo- 
globin must be of considerable importance. Being a non-threshold substance 
for the kidney its formation in the blood stream is, in effect, a conservative 
process since it decreases the amount of haemoglobin available for excretion 
by the kidneys. 

THE PRODUCTION OF PSEUDO-METHAEMOGLOBIN IN VITRO. 

The fact that methaemoglobin can be spontaneously formed from haemo- 
globin has been recognised ever since Hoppe-Seyler described the former 
pigment in 1SG5. Neill (1925) pointed out that the presence of ox 5 '^gen appears 
necessary for the spontaneous formation of methaemoglobin in blood or in 
haemoglobin solutions either at ordinary temperatures or at 55° C. The rate 
of conversion was related to the temperature at which the system was incubated, 
and the process involved was considered possibly to be an auto-oxidation by 
molecular oxygen, the iron perhaps ser\dng as a catalyst. Neill made an 
extensive study of the oxidation-reduction reaction of haemoglobin and 
methaemoglobin and specially noted the effects of living organisms such as 
pneumococci and certain anaerobes and of sterile animal and plant tissues in the 
production of methaemoglobin in vitro. In all his experiments solutions of 
oxyhaemoglobin and not whole blood were used. It is now recognised as a 
result of the work of Conant (1923), Conant and Fieser (1924) and Conant and 
Scott (1926) that for the formation of methaemoglobin it is necessary to have 
reduced haemoglobin in the presence of some oxidizing agent, and in pure 
haemoglobin solutions the Og in equilibration with oxyhaemoglobin acts in this 
fashion. A condition in which the haemoglobin is partly oxidized and partly 
reduced is most favourable to the spontaneous production of methaemoglobin 
in haemoglobin solutions. 

Believing that pseudo-methaemoglobin was peculiar to blackwater fever we 
postulated that the plasma in this disease must contain some substance of meta- 
bolic origin responsible for its formation.' In order to ascertain whether this was 
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SO, undiluted oxalated plasma collected under sterile conditions was incubated 
with a concentrated solution of haemoglobin at 40° C. for 48 hours in the ratio 
of 4 vols. of plasma to 1 vol. of haemoglobin. Pseudo-methaemoglobin was 
invariabty produced, but when normal plasma was used as a control we were 
surprised to find that it exerted an identical effect. In both instances, when the 
pigment was compared with artificially produced methaemoglobin on the 
Hartridge reversion spectroscope, the a band was found nearer the blue ends 
of the spectrum. Further, it was not dispersed by such 'reducing agents as 
freshly prepared Stokes’s reagent, ammonium sulphide (10 per cent.) or ammonia, 
and hydrogen peroxide (10 vols.) left it unchanged. Sodium hydrosulphite, 
on the other hand, dispersed the a band completely. 

Finally in spectrograms taken for us by Mr. H. FoY, the centre of the a 
band of the artificially produced pigment approximated to 6230 A, whereas 
that of methaemoglobin w^as constantly about 6,300 A. 

Solutions of oxyhaemoglobin in the absence of plasma incubated for a 
similar period produced true methaemoglobin. Similarly, well washed red blood 
corpuscles when incubated with physiological saline for 4 days at 40° C., were 
found to contain intracorpuscular methaemoglobin. When oxalated whole blood 
was incubated for a similar period, pseudo-methaemoglobin was found free 
in the plasma, whereas the washed corpuscles contained true methaemoglobin. 

These experiments have been repeatedly confirmed and amplified, and we 
have found that the reaction occurs on incubation at 37° C., 40° C., 45° C. and 
50°C. The presence of fluoride in the system does not appear to inhibit the 
reaction and decomplemented serum can be substituted for plasma without 
materially affecting the production of pseudo-methaemoglobin. 

These experiments prove that plasma or serum has the power of producing 
pseudo-methaemoglobin directly or indirectly from extracorpuscular haemo- 
globin and indicate that in severe intravascular haemolysis other than blackwater 
fever, such as incompatible transfusion* and paroxysmal haemoglobinuria, this 
new pigment and not methaemoglobin ivill be found. 

Other experiments were performed in vitro with artificially prepared 
solutions of methaemoglobin and sulphaemoglobin with similar results. When 
a solution of methaemoglobin prepared by treating laked corpuscles with 
potassium ferricyanide was incubated Mth plasma at 40° C. for 48 hours 
pseudo-methaemoglobin was formed. Similarly, when a solution of sulphaemo- 
globin prepared by bubbling HsS through oxyhaemoglobin was incubated 
vith plasma at 40° C. for 48 hours, pseudo-methaemoglobin again was formed. 

it is evident, therefore, that plasma possesses the power to convert solutions 
of both these pigments, as well as oxj^haemoglobin, either directly or indirectly 
into pseudo-methaemoglobin. 

*This prediction has since proved correct. On 23.6.37, some 6 days after this paper 
was read, Dr. J.anet Vaughan kindly sent us specimens of plasma and urine from a patient 
who had been transfused with incompatible blood. The plasma was a dark golden-brown 
colour and contained oxyhaemoglobin (46-2 mg. per 100 c.c.), pseudo-methaemoglobin 
(extinction coefficient = 2) and bilirubin (2-5 units). The urine, which was blackish-red, 
was acid to litmus and contained oxj'haemoglobin (84 mg. per 100 c.c.), methaemoglobin 
(724 mg. per 100 c.c.) and hyaline, granular and epithelial casts. 
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Since drafting this paper we have found that if haematin* in alkaline solution 
(1 per cent, sodium carbonate) be incubated at 40° C. for a short period (1 hour 
or less) with four times its volume of oxalated plasma, pseudo-methaemoglobin 
is formed. Similarl)’^ if pure haemin* in alkaline solution (1 per cent, sodium 
carbonate or distilled water containing a few drops of 10 per cent, sodium 
hydroxide) is added to a requisite amount of plasma, pseudo-methaemoglobin 
is immediately produced. Haematin or haeme is a recognized disintegration 
product of the haemoglobin pigments, and it may well be that there are two stages 
in the formation of pseudo-metliaemoglobin in the body — firstly, the production 
of haematin or haeme from extra-corpuscular blood pigment, and secondly 
its combination with some protein or other nitrogen-containing constituent of the 
plasma, to form a haemochromogen the possible nature of which is being investi- 
gated. Anson and Mirsky (1925) showed that haemochromogen is not simply 
free reduced haeme but is a compound of haeme and a nitrogen group, and 
that the particular haemochromogen prepared from haemoglobin is a compound 
of globin and haeme. These conclusions have been confirmed by Hill and 
Holden (1926), Roche (1929) and others. If, however, globin be absent from 
the haemin, haematin and plasma used in our experiments it is difficult to see 
how a globin-haemochromogen could be formed. 

This view is supported by comparing on the Hartridge reversion spectro- 
scope the haemochromogen formed from pseudo-methaemoglobin by the action 
of sodium hydrosulphite with that prepared from reduced haemoglobin by 
alkali. Both solutions are cherry-red but their spectra are dissimilar. 

SUMMARY AND CONCLUSIONS. 

1. A new pigment which we have named “ pseudo-methaemoglobin ” has 
been constantly demonstrated in the plasma of severe cases of blackwater fever. 
In the past, this pigment has been erroneously regarded as methaemoglobin by 
all observers. 

2. Certain spectroscopical and chemical reactions suitable for the routine 
differentiations of pseudo-methaemoglobin, methaemoglobin and sulphaemo- 
globin are described. 

3. Pseudo-methaemoglobin produces a brown plasma, is never found 
within the corpuscles and is formed from oxyhaemoglobin only after its liberation 
from the red cells. It cannot function as a respiratory pigment. 

4. The new pigment never appears in the urine in demonstrable quantities, 
nor is it destroyed by incubation at 37° C. with sterile urine for 24 hours. 

5. Methaemoglobinuria is common in blackwater fever, but the methaemo- 
globin is derived from oxyhaemoglobin in the tubules or bladder and not as a 
result of methaemoglobinaemia. 

*The pure haemin was kindly given us by Professor D. Keilen, F.R.S., and the 
haematin obtained from British Drug Houses. 
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6. The formation of pseudo-methaemoglobin evidently constitutes a stage 
in a process by which the bodj^ disposes of circulating extracorpuscular blood 
pigment ; in consequence the appearance of pseudo-methaemoglobin is to be 
anticipated in any intravascular haemolysis of sufficient magnitude. 

7. The conversion of free oxyhaemoglobin into pseudo-methaemoglobin 
or any product impermeable to the kidneys is entirely beneficial since the amount 
of haemoglobin available for excretion in the urine is decreased and the tendency 
to renal damage lessened. 

8. Pseudo-methaemoglobin can be artificially produced by incubating a 
concentrated solution of oxyhaemoglobin at 37° to 50° C. for 24 to 48 hours in 
the presence of a sufficient quantity of sterile plasma. 

9. Similarly, when an artificially produced solution of methaemoglobin or 
sulphaemoglobin is incubated with sterile plasma at 40° C. for 24 to 48 hours 
pseudo-methaemoglobin is produced. 

10. Pseudo-methaemoglobin may also be produced in vitro by some con- 
stituent in the plasma reacting with alkaline solutions of pure haemin or 
haematin. 

11. Since globin is presumably absent from both these substances as well as 
from plasma, the suggestion is made that pseudo-methaemoglobin is formed 
by a combination of haeme or haematin with some nitrogenous constituent of the 
plasma other than globin. 

12. When pseudo-methaemoglobin is reduced by sodium hydrosulphite 
a haemochromogen is formed which differs spectroscopically from globin- 
haemochromogen. 
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APPENDIX I. 

CASE HISTORIES OF MACEDONIAN SERIES.=»^ 

Case L 

Female, aged 70 years, a subject of chronic malaria, was examined some 12 hours 
from onset of haemoglobinuria. One month ago, she returned from the village of 
Korovello where she had been reinfected. She had been taking 9 grains of quinine daily 
in irregular fashion. No previous attacks ; no family history of black^vater fever. On 
24.11.36 she developed fever, and 7 grains of quinine bihydrochloride were injected 
intramuscularly at 8 a.m. At midnight, i.c., 16 hours later, she passed blackwater. 

25.11.36. — ^Yellow parchment-like skin. Temperature = 100-4° F. Apical systolic 
murmur. No demonstrable enlargement of spleen or liver. R.B.C.’s = 3,500,000 per 
c.mm. No malaria parasites. Blood group II (Moss). The plasma collected 12 hours 
after onset contained oxyhaemoglobin in fair quantity, but not pseudo-methacmoglobin. 
The urine was red, ammoniacal in odour, alkaline in reaction and contained oxyhaemo- 
globin, casts and triple phosphates. Volume in 24 hours == 1,000 c.c. 

26.11.36. — Appreciable jaundice. Spleen just palpable. Temperature == 98° F. 
R.B.C.’s = 2,812,000 per c.mm. The plasma now contained pseudo-methaemoglobin 
as well as oxyhaemoglobin. The urinary findings were the same as on 25.1 1.36. Volume ~ 
1,600 c.c. Van den Bergh — ^positive indirect reaction (10 units). Blood urea = 164 mg. 
per 100 c.c. 

27.11.36. — Urine contained urobilin, but not oxyhaemoglobin. Volume = 1,000 c.c. 
Plasma — golden brown, contained only pseudo-methaemoglobin. R.B.C.’s = 2,643,000 
per c.mm. Blood urea = 190 mg. per 100 c.c. 

Progress Notes. — A maximal reticulocyte count of 6-9 per cent, was recorded on 

1.12.36, some 7 days after onset. R.B.C.’s next day = 2,250,000 per c.mm. and the 
reticulocytes = 2-4 per cent. Though the haemoglobinuria only lasted 2 days and blood 
destruction was not intense, subsequent progress was slow and the haematological response 
inadequate. Some 7 weeks later the patient was still in a debilitated, anaemic condition 
from which recovery appeared doubtful. 

Comment. — The presence in the plasma of oxyhaemoglobin alone 12 hours 
from onset, the appearance of pseudo-methaemoglobin on the 2nd day and its 
presence in increased quantity on the 3rd day at a time when oxyhaemoglobin 
had disappeared from both plasma and urine, constituted the chief findings of 
interest in this case. Throughout water excretion was satisfactory, no tendency 
to anuria or oliguria being evident. The alkalinity of the urine was due to 
ammoniacal fermentation in a dirty urinal. Under these circumstances, 
methaemoglobin if present, is generally converted into alkaline methaemoglobin 
as we found later, and in consequence no o band is evident in the red portion 
of the spectrum. 

Case IV. 

Female, aged 5 years, was seen 10 hours after onset of haemoglobinuria, several bouts 
of which had occurred during the past month. For several days, she had been receiving 
one tablet of atebrin and one of pl'asmoquine and about midnight, 26.11,36, developed 
transient haemoglobinuria. 

27.11.36. — ^Anaemic child with yellow skin discoloured by atebrin. No demonstrable 
enlargement of spleen or liver. The plasma contained oxyhaemoglobin. Urine : black 


*In all instances these patients were treated by their Greek physicians who kindly 
permitted detailed investigations, as recorded, to be carried out. 
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colour, acid reaction, much albumin, no casts ; oxyhaemoglobin and methaemoglobin 
both present. R.B.C.’s = 2,955,000 per c.mm. No malarial parasites. Urea = 88 mg. 
per 100 c.c. 

28.11.36. — Urine contained urobilin, but no oxyhaemoglobin. Van den Bergh — 
indirect reaction positive (3-2 units). Urea = 35 mg. per 100 c.c. 

Comment. — The child suffered from a mild haemoglobinuria from which 
she rapidly recovered, the haemoglobinuria lasting less than 24 hours. Transient 
cases of blackwater of this nature are common in children in Macedonia. Pseudo- 
methaemoglobin was not present in demonstrable quantity, probably because 
the oxyhaemoglobin concentration in the plasma was minimal and of transient 
duration. 

Case V. 

Female, aged 10 years, subject of chronic malaria. Quinine intake irregular. On the 
preceding day (26. 1 1 .36), had quinine sulphate per os at 9 p.m. and, according to her mother, 
passed black water half-an-hour later. 

27.11.36. — The patient was not seriously ill and presented a spleen enlarged to the 
umbilicus (++). Blood smears showed no malarial parasites. The plasma contained 
oxyhaemoglobin. The urine was reddish-bro^vn, acid in reaction, contained oxyhaemo- 
globin, albumin and urobilin, but no methaemoglobin. The centrifuged deposit showed 
scanty leucocytes and epithelial cells, but no casts. 

Comment. — This is another example of transient haemoglobinuria in a 
child subject to chronic malaria. 

Case VI. 

Male, aged 40 years, a subject of chronic malaria, had suffered from fever, rigors 
and vomiting for a fortnight. No previous attack of blackwater fever and no family history. 
Took quinine irregularly. History' vague. Admitted to the Refugee Hospital, Salonika, 
with blackwater fever on 26.11.36. As far as can be ascertained, haemoglobinuria com- 
menced on or about 23.11.36. 

27.11.36. — Skin and mucous membranes were pallid and icteroid. The spleen was 
enlarged to the umbilicus (+-f), the liver was palpable and there was coffee groimd 
vomitus. There was also an eruption on the skin of the arm, neck and abdomen consisting 
of closely clustered petechial haemorrhages resembling somewhat the rash of typhus fever. 
Water excretion was good, i.e., 1 ,750 c.c. in 24 hours, and by this time the urine (some 4 days 
after onset), was clear of blood pigment. 

Laboratory Examination. — R.B.C.’s = 1,764,000 per c.mm. Pseudo-agglutination 
was marked and the sedimentation rate rapid. Blood group No. IV (Moss). The plasma 
was golden-brown in colour and contained much pseudo-methaemoglobin, but no oxyhae- 
moglobin. Solutions prepared from washed lysed corpuscles showed no band in the red 
portion of the spectrum. Blood urea = 169 mg. per 100 c.c. Urine : clear, alkaline 
in reaction, contained a trace of albumin, numerous granular and epithelial casts, and a few 
leucocytes. 

Progress Notes. — On 28.11.36 patient improved. Vomiting ceased. Wide-spread 
petechial eruption still present. No retinal haemorrhages. Blood pressure — S/D = 
110/55. R.B.C.’s = 1,775,000 per c.mm. Blood urea = 224 mg. per 100 c.c. Plasma 
contained a faint band in red portion of spectrum (pseudo-methaemoglobin). Bilirubin = 
9-6 units. Urine — same as on 27.11.36 except that the reaction was now acid and casts 
less evident. Volume = 1,200 c.c. in 24 hours. 

29.11.36. — Still improving. Rash fading. Plasma; pale yellowish-brown, no 
pseudo-methaemoglobin or oxyhaemoglobin. Bilirubin = 2-8 units. Blood urea = 170 
mg. per 100 c.c. Urine : clear, acid in reaction, blood pigments — nil, urobilin — present, 
epithelial casts — numerous. Volume = 1,150 c.c. 
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30.11.36. — Cold feelings followed by rigor. Temperature = 104’ F. Patient looked 
ill. Rash not evident. Urine : clear, slightly alkaline in reaction, blood pigments — nil. 
Volume = 1,500 c.c. 

1.12.36. — ^Another rigor. Temperature = 103“ F. R.B.C.'s = 1,400,000 per c.mm. ; 
reticulocytes = 6-9 per cent. No malaria parasites. Plasma — dark golden-brown, con- 
tained pseudo-mcthaemoglobin (extinction coefficient = 1), but only a trace of oxj’haemo- 
globin. Bilirubin = 6 units (indirect). Urine : clear, acid in reaction, blood pigments — 
nil, albumin — trace, urobilin and a few granular and epithelial casts present. Urea =1-5 
percent. Volume = 1,450 c.c. Blood urea = 160 mg. per 100 c.c. 

2.12.36. — ^Rigor again last night. Patient looked ver>' ill. Tongue — drv- and pale. 
Collapsed veins. Dehydration evident. Blood pressure — S/D = 104/56. R.B.C.’s = 
1,050,000 per c.mm. ; reticulocytes = 14 -S per cent. Plasma — dark golden-brown, 
containing pseudo-methacmoglobin, but only a trace of oxyhaemoglobin. Bilirubin = 
4-5 units. Blood urea = 263 mg. per 100 c.c. Later temperature rose to 102-2’ F., and 
patient died at 10 p.m. The bladder contained plenty of clear urine at autopsy. Analysis 
showed an acid reaction, albumin — trace, blood pigments — nil, granular epithelial casts 
and leucocj^es — nil. Urea = 1-65 per cent. 

Autopsy. — (v3. 12.36.) Some 12 hours after death a limited postmortem 
examination was made. Lice were present on the hair, and trunk, but all evidence 
of petechial eruption had disappeared. 

Morbid anatomy. — The liver showed perihepatitis with adhesions to the 
diaphragm to which the base of the right lung was also adherent. The liver 
was of nonnal consistency, and yellowish-brown on section. The gall bladder 
was distended with tarry, black bile, containing 2,600 units (or 1 -3 per cent.) of 
bilirubin (van den Bergh reaction). No pigment stones present. 

The spleen was a very enlarged, flabby organ with marked perisplenitis ; 
the splenic pulp was reddish in colour and semi-fluid in consistency. 

The kidneys were pale in colour, the capsule stripped readily and the cortex 
was well differentiated. The bladder was distended with clear urine. 

Microscopic Pathology. — The polygonal cells showed a mild degree of 
cloudy swelling. The Kiipffer cells contained a minimum of malaria pigment, 
but considerable amounts of haemosiderin were present in the parenchyme cells. 

Spleen. — The sections revealed lymphoid tissue interspersed with trabeculae 
composed of fibrous tissue. The Malpighian corpuscles were conspicuous by 
their absence. Malarial pigment was demonstrable in the endothelial cells and 
haemosiderin was also noted. 

Kidneys. — The glomeruli were mostly healthy, but a few of the tufts were 
obliterated by fibrosis and there were some early retention cysts and increase 
in interstitial fibrous tissue. A few cortical arterioles were thrombosed and the 
coats of the larger arteries Avere someAvhat thickened — evidences of chronic 
arteriosclerotic changes. 

The epithelium of some groups of tubules shoAved to.xic desquamation Avith 
fine pigmentation of the cells and an eosinophilic reaction. Only certain 
nephrons AA^ere involved. The collecting tubules Avere mostly unaffected, but 
a feAv AA^ere silted up Avith homogenous eosinophil-staining material. From a 
pathological vieAA’-point the kidneys could not be regarded as seriously involved. 
A granular pigment like haemosiderin, gmng the Prussian blue reaction, Avas 
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noted within the cells of the tubules and their lumina and in the collecting tubules 
as well. Sometimes a diffuse blue staining occurred. 

Comment. — This patient appeared to be progressing satisfactorily when 
exacerbation of fever with recurrent rigors and increasing anaemia culminated 
in death. Examination of both thick and thin blood films failed to reveal malaria 
parasites. The urine was clear and had been free from blood pigment for the 
last six days of his illness. Water excretion was highly satisfactory, the daily 
output varying from 1,150 to 1,750 c.c. Estimations of the urinary urea on the 
last 2 days preceding death equalled 1-5 and 1-65 per cent., while both granular 
and epithelial casts were scanty in the terminal phases of the illness. Further- 
more, microscopic sections showed that blockage of the tubules with eosinophile 
granular debris and degenerative changes in the tubular epithelium were 
minimal, and not sufficient to interfere seriously with renal function. 

The reappearance of pseudo-methaemoglobin and traces of oxyhaemoglobin 
in the plasma in the later phases of the illness in association with recurrent 
rigors but unassociated with haemoglobinuria is noteworthy. This suggested 
that haemolysis was occurring, but that at this late stage the plasma was 
converting extra-corpuscular oxyhaemoglobin sufficiently rapidly into pseudo- 
methaemoglobin to prevent the oxyhaemoglobin reaching a concentration 
sufficient to exceed the renal threshold or to appear in demonstrable quantity 
in the urine. Such a mechanism would explain the exacerbations of fever 
with rigors, the increased anaemia, the rise in bilirubin and urea and the 
absence of haemoglobinuria. 

It also explains one baffling type of post-haemoglobinuric fever, associated 
with recurrent rigors and the absence of malarial parasites, which has never 
been understood. Another aspect of considerable practical importance in this 
connection concerns treatment. Death in this case was due to anaemia in the 
presence of adequately functioning kidneys, and a bone marrow which was 
showing a reasonable reticulocyte response — i.e., 14-8 per cent. Blood trans- 
fusions, under circumstances such as these, are a life saving procedure, as 
illustrated in Case 7 (These Transactions, 1934, 28, 311) and Case 10 of our 
London series, and, when practicable, should be carried out. 

Case VII. 

Male, a refugee from Bulgaria, aged 53 years, was subject to chronic malaria. He 
had taken no quinine for 15 days, but before that took 20 grains of quinine sulphate daily 
for some time. The day before (27. 1 1 .36), at 8 p.m., he started shivering ; this lasted all night 
and at 5.30 a.m. he passed black water. His first attack was in 1927. There was no 
family history. 

28.11.36. — The patient was examined 6i hours after the onset of haemoglobinuria. 
Warm flushed skin with icteroid tinge. Temperature = 102-6° F. Spleen enlarged to 
umbilicus (+ +). Passing much dark red urine. 

Laboratory Examination. — R.B.C.’s = 3,870,000 per c.mm. No parasites. Auto- 
agglutination marked. Rapid sedimentation rate. Group II. (Moss). Plasma — 
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a deep red colour — contained oxyhaemoglobin but only a small amount of pseudo-mcthae- 
moglobin (extinction coefficient = 1). Bilirubin == 17-6 units (indirect). Blood urea = 
69 mg. per 100 c.c. Urine — deep red, alkaline in reaction (due to ammoniacal fermenta- 
tion) much oxyhacmoglobin and also alkaline mcthaemoglobin as shown by the reappear- 
ance of the a band of true methaemoglobin on the addition of acetic acid. Volume 1 ,600 
c.c. in 24 hours. At 10 p.m. there was another shivering attack with vomiting lasting 
half-an-hour. 

29.11.36. — Tongue was dry'. Icteroid tinge to skin. Blood pressure — S/D=I16/70. 
Urine — acid, contained large amount of oxyhacmoglobin, methaemoglobin, albumin, also 
leucocytes and casts. Volume 1,200 c.c. R.B.C.’s = 1,725,000 per c.mm. No parasites. 
Plasma — deep red colour, containing much oxyhacmoglobin and small quantity of 
pseudo-methaemoglobin (extinction coefficient = 1). Bilirubin = 14-0 units (indirect). 
Blood urea = 133 mg. per 100 c.c. 

Progress N^otes. — On 30.1 1.36 the urine cleared and never subsequently contained blood 
pigment. Bilirubin = 7-0 units (indirect). Blood urea = 187 mg. per 100 c.c. 

1.12.36. — R.B.C.’s = 1,400,000 per c.mm. Bilimbin = T5 units. Price-Jones 
cuiA'e showed marked displacement to the right, a megalocytosis of 38-6 per cent., a mean 
average diameter of 8-238 microns, a coefficient of variation of 7-784 and a standard deviation 
of 0-649. Reticulocytes = 0-5 per cent. Haematocrit = 15-6. Corpuscular volume = 
111-4 cubic microns. Patient well, reading papers. Spleen still ; some tenderness 
and rigidity' of right rectus over gall bladder. 

3.12.36. — Median basilic vein thrombosed with induration of perivenous tissues. 
R.B.C.’s = 1,612,500 per c.mm. Reticulocytes = 2-1 per cent. Bilirubin = 0-2 units. 
Blood urea = 294 mg. per 100 c.c. Blood pressure = S/D = 120/72. 

7.12.36. — R.B.C.’s == 1,756,000 per c.mm. Reticulocytes = 12-3 per cent, (maximum 
rise). Bilimbin = 1 -2 units. Urea = 127 mg. per 100 c.c. Daily intramuscular injections 
of glucose (500 c.c.), which had been given since admission, were stopped. Subsequently 
the temperature became normal. Throughout this period the water secretion had been 
satisfactory', the daily volume varying from 1,150-1,700 c.c. 

11.12.36. — R.B.C.’s == 2,250,000 per c.mm. Reticulocytes = 3-1 percent. 

14.12.36. — Bilimbin = 1-5 units. Urea = 62 mg. per 100 c.c. 

24.12.36. — No further rise of temperature, but the patient was still anaemic and not 
making progress anticipated. The diet was very restricted, consisting mainly of rice water, 
orange and lemon juice and abundant fluids. R.B.C.’s = 2,460,000 per c.mm. 

6.1.37. — Malaria relapse with intermittent fever. Gametocytes of P. falcipariiin 
demonstrated. 

Injections of atebrin, 0-2 grammes daily from Sth to 11th. Temperature now normal. 
From 12th to 14th injections of plasmoquine, 0-3 gramme daily, were administered. 

17.1.37. — Left hospital. 

Comment. — It is noteworthy that haemoglobinuria developed in this 
patient in the absence of recent quinine treatment, no anti-malarial drug having 
been taken for 15 clear days before its onset. The plasma contained a small 
quantity of pseudo-methaemoglobin (extinction coefficient = 1) during the first 
2 days, and during this period there was a significant oxyhaemoglobinaemia; 
The Price-Jones curv'e, taken on the 4th day, showed a well-marked megalocytic 
anaemia. A high corpuscular volume of 111-4 c. microns was also observed on 
the 4th day, while on the 10th day it equalled 105-4 c. microns. For reasons 
given elsewhere megalocytic anaemia of this degree is to be attributed mainly to 
dietar)' deficiency rather than to malaria or blackwater fever. A maximal reticulo- 
cyte response of 12-3 per cent, was noted on the 10th day, but blood regeneration 
was tardy — a fact attributable to the megaloblastic nature of the red marrow and 
the effects of latent malignant tertian malaria. Malarial fever supervened on 
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the 38th day of illness and malignant tertian paras 
smears 2 days later. Atebrin treatment commenced I 
temperature became normal. The patient was disci 
record of the final blood count or Price-Jones curve v 

Case VIII. 

Male, aged 62 years, a refugee from Constantinople, > 
He had suffered from chronic malaria throughout the surr 
only when fever was actually present. There was no previou 
of blackrvvater. On 30. 1 1 .36 he developed fever and took 6 gn 
and evening, and before dawn on 1.12.36 he took piasmoqi 
1 hour later, i.e., 6 a.m., he passed red urine. 

3.12.36. — E.vamination some 54 hours after onset showe 
and tender. The spleen was palpable midway beriveen the co: 
(-h). The patient looked ill. The skin and conjunctivae wei 

Laboratory’ Investigations. — The urine was brown in co 
much urobilin, leucocytes, epithelial cells and a few granulai 
pigment was not present. The plasma contained no significar 
but pseudo-methaemoglobin was present in appreciable quantit 
The a band in the red was not dispersed by Stokes’s reage 
ammonium sulphide ; it disappeared with strong ammoniur 
reaction : direct — biphasic positive, indirect — positive (15 un 
per 100 c.c. R.B.C.’s = 2,010,000 per c.mm. Rapid sedimei 
24-5. Mean corpuscular volume = 122-5 c, microns. 

Treatment. — Some 600 c.c. of a 5 per cent, solution c 
muscularly and subsequently daily injections of 300 to 600 
Atebrin, 0-3 gramme, was given each day for 5 days. 

4.12.36. — Hiccough present. Blood pressure — S/D = 
R.B.C.’s — 1,900,000 per c.mm. Haematocrit == 20, C 
c. microns. Reticulocytes = 0 ■ 1 per cent. Urine — same as oi 
per cent. Plasma — only a trace of pseudo-methaemoglobin ii 
Van den Bergh : direct — ^biphasic positive, indirect — ^positive 
297 mg. per 100 c.c. 

5.12.36. — Temperature = 102” F. Cough present, 

which contained a small amount of albumin and urobilin, 
showed no blood pigments. Van den Bergh : indirect — posit 
1 13 mg, per 100 c.c. Pseudo-agglutinin still present. Haem 
— 0-8 per cent. 

7.12.36. — Patient vomiting. Tendency to retention of u 
Dyspnoea without cyanosis noted. Temperature — subno) 
Pulse = 104 per minute. Van den Bergh : indirect — ^positi' 
196 mg. per 100 c.c. 

9.12.36. — Condition much the same — dyspnoea suggesi 
’ 333 mg. per 100 c.c. Van den Bergh : indirect — ^positive ( 1 un 

Died with renal acidosis, anuria and broncho-pneumonia. 

Comment. — When seen on the 3rd day after onse 
urine contained neither oxyhaemoglobin nor methaen 
showed pseudo-methaemoglobin, but no significant oj 
the haemolytic process had ceased. The temperature f 
likelv. Bronchitic features, however, develooed and ur 
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Case XV. 

Male, aged 39 years, had lived on the outskirts of Salonika for 8 years. There was no 
family history of blackwater and the present was the first attack. Malaria contracted in 
1918 during the War, but he had not been troubled with it again until this summer. Each 
time he developed fever 1'5 grammes of quinine (23 grains) was injected intramuscularly. 
On 6.12.36, he had another malarial attack for which the usual injection was given. Fever 
recurred ne.xt day and the injection was repeated. On 8.12.36, there was no further rise of 
temperature, but another injection was given. This was repeated at 5.30 p.m. the following 
day (9.12.36). One hour later he had a rigor and passed black urine. Shivering lasted 
until midnight and haemoglobinuria has persisted since. 

10.12.36. — The patient complained of headache, nausea and vomiting. Physical 
examination showed some degree of jaundice, pallor and yellow tinting of the mucous 
membranes and enlargement of the spleen. 

Laboratory Investigations. — Urine was almost black in colour, acid in reaction and 
contained oxyhaemoglobin (142 mg. per 100 c.c.) and methaemoglobin (226 mg. per 100 
C.C.), urobilin and albumin. Numerous epithelial and granular casts, pus cells and epithe- 
lial cells were present. The plasma contained oxyhaemoglobin (64‘7 mg. per 100 c.c.). 
Van den Bergh : direct — negative, indirect — positive (10-5 units). Blood urea = 40 mg. 
per 100 c.c. R.B.C.’s = 3,000,000 per c.mm. Reticulocytes = 0-3 percent. Haemato- 
crit = 27'25. Corpuscular volume = 91-9 c. microns. 

Treatment. — This included atebrin (0-3 gramme), 500 c.c. of 5 ppr cent, glucose 
intravenously on 10.12.36 and intravenous saline (600 c.c.) for the next 2 days. Daily 
injections of calcium gluconate were also given. 

11.12.36. — R.B.C.’s = 2,184,000 per c.mm. Blood group IV (Moss). Reticulocytes 
= 0-2 per cent. Plasma now' definitely contained pseudo-methaemoglobin (extinction 
coefficient = 1) and oxyhaemoglobin (69'3 mg. per 100 c.c.). Urine same findings as on 
preceding day, except that o.xyhaemoglobin = 121 mg. per 100 c.c. and methaemoglobin = 
452-5 mg. per 100 c.c. Bilirubin — 8-0 units (indirect). Blood urea — 48 mg. per 100 c.c. 

12.12.36. — Plasma contained oxyhaemoglobin (13-9 mg. per 100 c.c.). Bilirubin = 
7-5 units (indirect). Blood urea = 55 mg. per 100 c.c. Urine — morning specimen 
contained trace of oxyhaemoglobin (15-8 mg. per 100 c.c.) w'hich had disappeared by 6 p.m. 
Urobilin still present in considerable amounts, also granular and epithelial casts. R.B.C.’s 
= 1,800,000 per c.mm. Haematocrit = 15-8. Mean corpuscular volume = 87-7 
c. microns. 

14.12.36. — Temperature normal for first time. Reticulocytes = 3-3 per cent. 

16.12.36. — Still looked anaemic, and spleen enlarged to midw'ay betw'een umbilicus 
and costal margin (+). R.B.C.’s = 2,100,000 per c.mm. Reticulocytes = 8-3 per cent. 
Bone marrow show'ed erythroblastic response. Daily injections of plasmoquine w'ere given 
from the 16th to 18th December. On the latter date, a reticulocytosis of 10-8 per cent, w'as 
obser\'ed. 

Comment. — This was not a very severe case of blackwater. The appearance 
of pseudo-methaemoglobin in demonstrable quantity was delayed until the 3rd 
day when the concentration of oxyhaemoglobin equalled 69-3 mg. per 100 c.c. 
Next day the plasma was clear of blood pigments. A maximal reticulocytosis of 
10-8 per cent, was noted on the 10th day. A satisfactory erythroblastic response 
was noted in the bone marrow smears, blood regeneration proceeded along 
normal lines and the patient w'as later discharged from hospital. 

Case XVII. 

Female, aged 27 years, w'as bom in Macedonia and had suffered from malaria for many 
years. This W'as her first attack of blaclnvater fever ; her father had died from it. She 
lived in Salonika, but had passed the summer in a Macedonian village w'here she w'as 
reinfected. She took quinine per os during attacks but on only one occasion did she receive 
an intramuscular injection of quinine. On 9.12.36 she felt ill and at 9 p.m. took 6 grains 
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of quinine. Fifteen hours later, i.e., at noon on 10.12.36, she had a rigor, became feverish 
and passed blackwater which has persisted since. Admitted to Hospital at 5 p.m. 
Temperature 104-4° F. Pulse = 140. Anaemic and jaundiced. Urine — black, some 
700 c.c. passed until midnight, i.e., in 7 hours. 

12.12.36. — ^Patient was examined at 1 p.m. She was very jaundiced, restless and 
troubled with severe bilious vomiting. The spleen was enlarged to midway between the 
umbilicus and tbe pelvic brim (+-{-+) ; there tvas well-marked hepatomegaly and the upper 
abdominal muscles were tender and rigid over the liver. Blood pressure — S/D = 115/70. 
Later she had a rigor and at 6 p.m. was worse. The urine was still black in colour ; 
1000 c.c. passed since midnight, i.e., in the last 18 hours. 

Laboratory Investigatiom. — R.B.C.’s = 1,265,000 per c.mm. Haematocrit = 13-0. 
Corpuscular volume = 102-8 c. microns. Blood group II (Moss). One gametocyte 
was found by Dr. A. Kondi in a thick blood film. The sternal marrow showed no parasites 
or malaria pigment. Pseudo-agglutination was marked and the sedimentation rate rapid. 
The plasma was dark brown in colour ; oxyhaemoglobin = 60-0 mg. per 100 c.c. ; pseudo- 
methaemoglobin (extinction coefficient = 3-5) and bilirubin = 33 units (indirect). Blood 
urea = 88 mg. per 100 c.c. The urine was black in colour ; oxyhaemoglobin = 168-3 mg. 
per 100 c.c. ; methaemoglobin = 226-25 mg. per 100 c.c. ; much urobilin. Though 
leucocytes were plentiful, granular casts were not observed. 

13.12.36. — Patient was desperately ill and very jaundiced. Temperature = 98-6° F. 
Pulse = 114 per minute. A large purpuric patch was noted on the inside of the left knee. 
Bilious vomiting, dyspnoea and restlessness were marked, the patient tossing about in bed. 
Blood pressure — S/D = 102/68. From 6 p.m. yesterday until midnight some 550 c.c. 
of dark black urine containing much oxyhaemoglobin and urobilin were passed. Later 
retention was suspected ; a catheter was passed at 1 1 a.m. and 450 c.c. of brown urine were 
obtained. 

R.B.C.’s = 780,000 per c.mm. Pseudo-agglutination marked ; sedimentation rate 
very rapid. Haematocrit = 9-8. Reticulocytes were scanty and no malarial parasites 
were found. The plasma was dark brown in colour and contained a large amount of 
pseudo-methaemoglobin, (extinction coefficient = 5), but only a small quantity of 
oxyhaemoglobin, i.e. 23-1 mg. per 100 c.c. Bilirubin = 38 units (indirect). Blood urea = 
143 mg. per 100 c.c. The urine (11 a.m. specimen) contained no methaemoglobin, only 
a trace of oxyhaemoglobin (15-8 per 100 c.c.), much urobilin, numerous epithelial cells and 
a few leucocytes, red cells and granular casts. 

The patient died at 8.30 a.m., some 80J hours after onset of haemoglobinuria. No 
autopsy was possible, but a quantity of clear urine was obtained by catheterization after 
death. 

Comment. — The cause of death was anaemia. Kidney function, as indicated 
by the excellent water secretion (polyuria), was satisfactory throughout the 
illness, and multiple blood transfusions would undoubtedly have saved the 
patient. Intravascular haemolysis probably ceased some hours before death and 
the urine obtained at postmortem was clear. The plasma findings indicated a 
progressive increase in the amount of pseudo-methaemoglobin in the plasma at 
the expense of the oxyhaemoglobin. Oxyhaemoglobin had practically disappeared 
from the plasma on the day of death, whereas pseudo-methaemoglobin was 
present in very large amounts. Despite this fact the latter pigment was never 
demonstrable in the urine. 


Case XIX. 

A girl, aged 6 years, had suffered from malaria for 3 years, but never previously from 
blackwater. She had a rigor on the previous evening and next morning (13.12.36), about 
6.30 a.m. took 3 grains of quinine sulphate. At I p.m., i.e., 64 hours later, she passed black 
water. 
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14.12.36. — The child was examined in her two-roomed home in the village of Nea 
Halkithon about 5 p.m. There was marked anaemia, yellow tinting of the conjunctivae 
and skin and tender enlargement of the spleen which extended to the level of the umbilicus 
(++)• 

Laboratory Lwestigatiom . — Parasites (M.T.) were found in thick blood films by 
Dr. A. Kondi. Pseudo-aggluntination was present and the sedimentation rate was rapid. 
Haematocrit = 22-9. Reticulocytes were scanty. The plasma was dark brown in colour 
and contained oxyhaemoglobin = 55-4 mg. per 100 c.c., pseudo-methaemoglobin (extinc- 
tion coefficient — 3), and bilirubin — 19 units (indirect). Blood urea = 43 mg. per 100 
c.c. The urine (2 p.m. specimen) was dark red, acid in reaction and contained oxjdiaemo- 
globin = 157-S mg. per 100 c.c., methaemoglobin = 271-5 mg. per 100 c.c., much urobilin, 
but no pseudo-methaemoglobin. There were a few leucocytes, epithelial cells and granular 
casts. 

15.12.36. — The child was very anaemic and was still passing dark red urine of acid 
reaction. It contained oxyhaemoglobin (205 mg. per 100 c.c.), methaemoglobin (271-5 
mg. per 100 c.c.), much urobilin and a few granular casts and leucocytes. By 6 p.m. the 
urine had cleared. She was treated with abundant fluids, alkalis, and atebrin, and sub- 
sequently made an uninterrupted recovery. 

Comment. — This was the most severe of the three cases observ^ed amongst 
children in our series ; she was the only one whose plasma showed pseudo- 
methaemoglobin, the haemolysis in the others being milder and of less than 
24 hours’ duration. 


Case XXII. 

Female, aged 38 years, had chronic malaria all the summer. Feeling unwell, she had 
2 tablets (6 grains) of quinine sulphate before going to bed. Ne.xt morning (13.12.36) 
6 grains were again taken at 6.30 a.m. At 1 p.m., she developed a rigor and fever and passed 
black water. Bilious vomiting ensued next day and the haemoglobinuria continued. 

15.12.36. — She was admitted to the Refugee Hospital, Salonika, at 8 p.m., some 55 hours 
after onset. Temperature = 103-4° F. 

16.12.36. — Examination next morning about 11 a.m. revealed a very restless and 
jaundiced patient. Temperature = 100-8° F. Pulse = 120. Respirations = 20 per 
minute. Bilious vomiting was troublesome. The tongue was furred, but still moist, the 
spleen was enlarged to the level of the umbilicus (++) and there were petechial haemor- 
rhages into the skin of the abdomen and arms. Blood pressure — S/D = 140/68. For the 
first 12 hours after admission 150 c.c. of blackish urine were passed. 

Laboratory Investigations. — R.B.C.’s — 2,375,000 per c.mm. Reticulocytes = 0-1 
per cent. Blood group II (Moss). Haematocrit = 19-07. Mean corpuscular volume = 
80-3 c. microns. No parasites in blood smears. The plasma was dark red in colour and 
contained oxyhaemoglobin (522-1 mg, per 100 c.c. or 3-73 per cent.), pseudo-mefhaemo- 
globin (extinction coefficient == 3), and bilirubin =11 units (indirect). Blood urea = 
155 mg. per 100 c.c. The urine was redish-black in colour, neutral to litmus and contained 
oxyhaemoglobin (89-4 mg. per 100 c.c.), methaemoglobin (454 mg. per 100 c.c.) and 
urobilin. Casts and leucocytes were not demonstrable. Urine passed in 24 hours = 
1,600 c.c. 

Treatment. — This consisted of daily intramuscular injections of isotonic glucose 
solution (500 to 750 c.c. per day) and intravenous injections of calcium chloride. Camphor, 
caffein, digitalin and euphyllin were also given, and in addition 200 c.c. of hypertonic 
glucose solution when anuria appeared imminent. 

17.12.36. — ^Patient’s condition worse, vomiting much brownish-green material. 
Blood pressure — S/D = 104/68. Tongue coated, but still moist. The abdominal muscles 
were very tender over the liver and spleen which was palpable below the level of the 
umbilicus. Some rhonchi noted in the right lung 

R.B.C.’s = 1,585,000 per c.mm. The plasma was dark red and contained oxyhaemp- 
globin = 346-5 mg. per 100 c.c., pseudo-methaemoglobin (extinction coefficient = 4) 
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and bilirubin = 11 units (indirect). Blood urea = 253 mg. per 100 c.c. The urine was 
acid in reaction and contained oxyhaemoglobin (100 mg. per 100 c.c.) and methaemoglobin 
(316-75 mg. per 100 c.c.). Urobilin was present. No casts, but a few leucocytes and a 
large number of epithelial cells were found. Quantity of urine passed up to mid-day was 
850 c.c. ; none later. 

18.12.36. — ^The patient was very jaundiced. The tongue was brown and drj'while the 
veins contained little circulating blood. She had not micturated since noon on 17.12.36, 
so at 11 a.m. a catheter was passed. Only 10 c.c. of brorni urine were obtained ; this 
was acid in reaction and contained oxyhaemoglobin (23-6 mg. per 100 c.c.), and methaemo- 
globin (90-5 mg. per 100 c.c.). Urobilin, granular casts, leucocytes and epithelial cells 
were present. The plasma was dark red and contained oxyhaemoglobin (92-4 mg. per 100 
C.C.), pseudo-methaemoglobin (extinction coefficient = 5-5) and bilirubin = 10 units 
(indirect). Blood urea = 187 mg. per 100 c.c. By 4.30 p.m. the patient was visibly 
shrinking from dehydration. Though dyspnoeic she lay uncannily still in bed. 

19.12.36. — Died at 7 a m. in a collapsed condition with subnormal temperature = 
97-1° F. 

Autopsy. — The liver and spleen were enlarged and congested, and the gall 
bladder filled with dark blackish bile. The kidneys were swollen and the vessels 
engorged and congested ; the cut surface appeared darkish red on section. 

Microscopic Pathology. Liver. — There was cloudy swelling and some loss 
of cellular outline and pattern. Much haemosiderin was present, but the 
Kiipffer cells were almost entirely free of malaria pigment. 

Spleen. — The capsule was markedly thickened and the organ very congested 
and cellular ; the Malpighian corpuscles tvere inconspicuous. Malarial pigment 
was not evident. 

Kidneys. — The glomeruli were normal, but the tubules showed a tremendous 
amount of damage. Toxic changes and desquamation were evident in the 
tubular epithelium of the cortex where some blockage occurred, while in the 
medulla the majority of collecting tubules were completely filled up with 
eosinophil-staining, homogenous or granular debris, their appearance con- 
trasting with the adjacent vessels which were congested and filled with red cells. 

Comment. — This patient died from anuria, uraemia and renal acidosis on 
the 7th day of the disease. The pathological basis for this was the large proportion 
of the tubules which were clogged with eosinophil debris deposited from 
excreted blood pigment ; degeneration of the tubular epithelium was also a 
contributory factor. 

Investigation of the plasma for circulating pigments showed the highest 
concentration of oxyhaemoglobin which we have yet observ^ed, i.e., 522 mg. 
per 100 c.c. or 3-73 per cent, on the 4th day of the disease. Pseudo-methaemo- 
globin was also present ; the extinction coefficient = 3. Subsequently the 
oxyhaemoglobin decreased, equalling 346-5 mg. per 100 c.c. or 2-475 per cent, 
on the 5th day, and 92-4 mg. per 100 c.c. on the 6th day, whereas the extinction 
coefficient of pseudo-methaemoglobin steadily increased, from 4 on the 5th day 
to 5-5 on the 6th day of the illness. The sum total of circulating extracorpuscular 
blood pigments (oxyhaemoglobin plus pseudo-methaemoglobin) must have been 
very considerable in this case. 
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Case XXIIL 

M., aged 21 years, a refugee from Bulgaria living in Macedonia, was subject to chronic 
malaria which was particularly troublesome that summer. He was in the habit of taking 
quinine sulphate (12 grains) when he had fever and also at other times when he remembered 
to do so. 

16.12.36. — He developed fever, took 6 grains of quinine at 6 a.m. and 6 grains at 
9 a.m. At 11 a.m. he had rigor and half-an-hour later passed black water. The present 
was his first attack of blackwater ; his sister had suffered from it 10 years ago. 

17.12.36. — The patient was admitted to hospital. Temperature = 100'8° F. Icteric 
tinge in skin and conjunctivae. Enlargement of the spleen which mainly extended to the 
umbilicus. Blood pressure — S/D = lOS/65. One malarial parasite (ring form) was found 
in smears of sternal marrow. Haematocrit = 27 ‘25. The plasma was dark red in colour 
and contained oxyhaemoglobin 124-7 mg. per 100 c.c. and pseudo-methaemoglobin 
(extinction coefficient = 2). Bilirubin = 10 units (indirect). Blood urea = 86 mg. per 
100 c.c. Pseudo-agglutination marked and sedimentation rate rapid. The urine was dark 
red, acid in reaction and contained urobilin, oxj'haemoglobin (284 mg. per 100 c.c.) and 
methaemoglobin (181 mg. per 100 c.c.). No casts but a few leucocytes and numerous 
epithelial cells were noted. 

Treatment . — For 5 days 1,000 c.c. of isotonic glucose were injected intramuscularly 
and calcium chloride intravenously. Stimulants including camphor were administered. 

18.12.36. — ^Temperature = 99° F. Patient more jaundiced. Passed 700 c.c. of dark 
red urine from 12 noon until 8 a.m to-day. R.B.C.’s = 2,600,000 per c.mm. Haemato- 
crit = 19-6. Mean corpuscular volume = 75-4 c. microns. Plasma still dark red, con- 
taining oxyhaemoglobin (83-2 mg. per 100 c.c.) and pseudo-methaemoglobin (e.xtinction 
coefficient = 3). Bilirubin = 16 units /indirect). Blood urea = 82 mg. per 100 c.c. 
The urine was dark red in colour, neutral to litmus and contained oxyhaemoglobin (278-8 
mg. per 100 c.c.), and methaemoglobin (362 mg. per 100 c.c.). Urobilin present. Some 
granular casts in addition to leucocytes and epithelial cells were now noted. 

19.12.36. — Patient rather weak and hysterical. Bilious vomiting troublesome 
throughout the night. Passed 800 c.c. of urine ; 6 a.m. specimen contained no blood 
pigments. Plasma Avas light golden-brown in colour. Only a trace of oxyhaemoglobin 
(23-1 mg. per 100 c.c.), but there was still a quantity of pseudo-methaemoglobin (e.xtinction 
coefficient = 2-5). Bilirubin = 5-5 units (indirect). Blood urea = 168 mg. per 100 c.c. 
The urine was acid to litmus and contained no oxyhaemoglobin or methaemoglobin, but 
considerable amounts of urobilin. Granular and epithelial casts undergoing granular 
degeneration w'ere plentiful as Avell as epithelial cells and some leucocytes. Quantity = 
1,100 c.c. 

20.12.36. — Patient looks more anaemic since jaundice has disappeared. R.B.C.’s = 

1.895.000 per c.mm. Haematocrit = 13-6. Mean corpuscular volume = 71-76 c. microns. 
Reticulocytes = 0-1 per cent. The plasma was light brown and contained only 1-5 units 
of bilirubin (indirect). Blood urea = 138 mg. per 100 c.c. The urine was pale, acid to 
litmus, and contained a trace of urobilin and a few casts, red cells, leucocytes and many 
uric acid crystals. Quantity = 1 ,900 c.c. 

21.12.36. — Patient improving. Urine clear : quantity = 1,000 c.c. R.B.C.’s = 

1.815.000 per c.mm. Reticulocytes = 3-4 per cent. Plasma bilimbin = 0-5 units (in- 
direct). Blood urea = 81 mg. per 100 c.c. 

24.12.36. — Still improving. Urine clear : quantity = 1,050 c.c. Reticulocytes =1-7. 

25.12.36. — Urine clear: quantity = 1,600 c.c. Reticulocytes = 8-1 per cent. 
Subsequent progress satisfactory. Discharged within 3 weeks. 

Comment. — ^T he case was one of moderate severity, the haemoglobinuria 
lasting approximately 2-|- days. Oxyhaemoglobin reached its maximum concen- 
tration (124-7 mg. per 100 c.c.) on the 2nd day and pseudo-methaemoglobin on 
the 3rd day, while it had only slightly decreased on the 4th day at a time when 
there w'as only a trace of oxyhaemoglobin in the plasma and the urine had 
cleared. A maximal reticulocytosis of 18-7 per cent, occurred 9 days from onset. 

D 
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Case XXIV. 

Male, aged 34 years, lived in Salonika. A brother had died of blackvvater fever. 
In June and July, 1936, the patient went to an adjacent village, where he contracted 
malaria. As a rule, he took 6 grains of quinine sulphate daily, but on 16.12.36 he had 
increased this to IS grains as he wanted to prevent a relapse. On 17.12.36, at 7 a.m., 
he had 9 grains and at noon he passed black W'ater ; at 1 p.m. he had a rigor. He was 
admitted to hospital at S p.m., and was git'en 500 c.c. of glucose intramuscularly. Tempera- 
ture » 102'6° F. 

18.12.36. — ^Temperature = 102-2° F. Pulse = 94 per minute. Perspiring profusely. 
Tongue furred, but moist. Upper abdominal muscles held too rigidly to palpate either 
spleen or liver. Slight jaundice. R.B.C.’s = 4,270,000 per c.mm. No parasites. 
Haematocrit = 37-0. Mean corpuscular volume = 88-1. Blood group II (Moss). 

The plasma was dark red in colour and contained oxyhaemoglobin (170-9 mg. per 100 
c.c.), pseudo-methaemoglobin (extinction coefficient = 1-5) and bilirubin (16 units). 
The urine, which was slightly acid in reaction, %vas dark red in colour and contained 
oxyhaemoglobin (189 -4 mg. per 100 c.c.), methaemoglobin (364-5 mg. per 100 c.c.), urobilin, 
casts and a few leucocytes and epithelial cells. Blood urea = 56 mg. per 100 c.c. 

Atebrin, O-I gramme, was injected and 500 c.c. of isotonic glucose given intramuscularly. 

19.12.36. — ^Temperature = 101-2° F. Haemoglobinuria still present. Jaundice 

marked, hiccough troublesome and spleen tender and palpable well below the costal 
margin. The plasma was golden brou-n in colour and contained oxyhaemoglobin (60 mg. 
per 100 C.C.), pseudo-methaemoglobin (extinction coefficient = 2) and bilirubin (11 units). 
Blood urea = 99 mg. per 100 c.c. Polyuria was present. Two litres of slightly alkaline 
urine were passed in last 24 hours, containing oxyhaemoglobin (142 mg. per 100 c.c.), 
urobilin and a few casts. R.B.C.'s-^,I50,000 per c.mm. Haematocrit — ^25-6. Corpus- 
cular volume — SI -3 c. microns. Reticuloc 5 ftes were less than 0-1 per cent. 

20.12.36. — ^Temperature = 100-2° F. Pallor was increased. Hiccough less trouble- 
some. The plasma was light broum in colour and contained oxyhaemoglooin (23-1 mg. 
per 100 C.C.), pseudo-methaemoglobin (extinction coefficient = 1-5) and bilirubin (2 units). 
Blood urea = SI mg. per 100 c.c. The urine, which was alkaline in reaction, was light brown 
in colour and contained bilirubin, but no blood pigment and very few casts. R.B.C.’s 
== 2,6 10,000 per c.mm. Haematocrit = 20-16. Mean corpuscular volume == 77-0 c. microns. 

The subsequent progress of the patient was satisfactory-. 

21.12.36. — Temperature = 100-2° F. The plasma was pale yellow in colour and 
contained 1-75 units of bilimbin, but no- oxyhaemoglobin or pseudo-methaemoglobin. 
Blood urea = 51 hig. per 100 c.c. 

22.12.36. — Temperature = 101-2° F. Urine clear. R.B.C.’s == 2,375,000 per 
c.mm. Reticulocytes = 3-6 per cent. 

25.12.36. — R.B.C.’s = 2,230,000 per c.mm. Reticulocytes = 13-9 per cent. 

Comment. — This patient in the initial stages looked a sick man, but recovered 

despite severe hiccough tvhich clinically is generally-regarded as of grave prognos- 
tic significance. 

The haemoglobinuria lasted approximately days. Water excretion, as 
indicated by polyuria, was satisfactory and the blood urea never exceeded 
99 mg. per 100 c.c. The kidneys, therefore, were at no time seriously implicated. 

The plasma oxyhaemoglobin on the 2nd day equalled 170-9 mg. per 100 c.c. 
It decreased on the 3rd day to 60-0 mg. per 100 c.c. and was barely demon- 
strable in significant quantity on the 4th day of the disease. Pseudo-methaerao- 
globin, on the other hand, reached its greatest concentration on the 3rd day 
(extinction coefficient = 2), and tvas present in appreciable quantity on the 4th 
day (extinction coefficient = l-5)afterox}ffiaemoglobinhadpracticallydisappeared. 

The reticulocytes on the 9th day equalled 13-9 per cent, and the subsequent 
haematological response was satisfactory. 
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Case XXVII. 

Male, aged 16 years, lived in Salonika, but had been to an adjacent village for the 
summer. There was no family history of blackwater. He developed malarial fever 15 
days earlier, for which he took quinine sulphate. On 19.12.36, he was admitted to hospital 
with splenomegaly and received plasmoquinc, 0'03 gramme daily, as well as quinine, 
1-5 to 2 grammes daily, for 4 days. At about 6 p.m. on 23.12.36, he started vomiting ; 
a rise in temperature to 101° F. followed, but it was not until 5 a.m. next morning that the 
urine was noted to be blacK. 

24.12.36. — ^Temperature = 104‘4°F. Anaemia and a slight ictenis noted. The 
spleen was enlarged. The vomitus was a spinach green. Atebrin (0-1 gramme) was 
injected and 500 c.c. of isotonic glucose and 250 c.c. of physiological saline were given 
intramuscularly. 

Laboratory' Invcstigatiom. — R.B.C.’s = 2,355,000 per c.mm. Pseudo-agglutination 
and a rapid sedimentation rate were present. Reticulocytes = I3-7 per cent. Haematocrit 
= lS-0. Corpuscular volume = 76'3 c. microns. The plasma was a dark reddish brown 
colour and contained oxyhaemoglobin (55-4 mg. per 100 c.c.), pseudo-methaemoglobin 
(extinction coefficient = 3*5) and 5-0 units of bilirubin (indirect). Blood urea = SO mg. per 
100 c.c. 

The urine was dark brown in colour, neutral to litmus and contained oxyhaemoglobin 
(42-1 mg. per 100 c.c.) and urobilin. There were a few granular and epithelial casts and 
numerous epithelial cells. 

25.12.36. — .Fever subsided and the urine cleared at midnight. R.B.C.’s = 2,240,000 
per c.mm. Reticulocytes = 14-3 per cent. Haematocrit = 16-9. Mean corpuscular 
volume = 75-4 c. microns. The plasma was yellowish-brown in colour ; it contained no 
significant quantity of oxyhaemoglobin, though pseudo-methaemoglobin was still present 
(extinction coefficient = 1-5). Bilirubin = 2-75 units (indirect). Blood urea = 55 mg. 
per 100 c.c. The urine was clear, acid to litmus and contained a small quantity of urobilin, 
but no blood pigments. There were a few granular casts, epithelial cells and leucocytes, 
A course of atebrin (0-3 gramme daily for 5 days) followed by plasmoquine (0-01 gramme 
daily for 6 days) was given. Subsequently he received two intramuscular injections of 
quinine (15 and 22 grains) and oral quinine (18 grains daily) for 1 week. Haemoglobinuria 
did not recur, but there were short bouts of fever. 

12.1.37, — The temperature was normal, but the patient was still pale and weak. The 
van den Bergh reaction was 1 -4 units (indirect). 

Comment. — This case developed haemoglobinuria in hospital ; its duration 
probably did not exceed 30 hours. Both oxyhaemoglobin and pseudo-methaemo- 
globin tvere present in the first sample of plasma, but only pseudo-methaemo- 
globin tvas found next day. The high reticulocyte counts of 13-7 per cent, and 
14-3 per cent, at this early stage are attributable not to the anoxaemia associated 
with the haemolysis of blackwater fever, but to the effect of anti-malarial treat- 
ment in a patient suffering from malaria anaemia. 

Case XXVIII. 

Female, aged 28 years, was a refugee from Pontos and stated that her mother had 
blackwater fever some years ago. She came from a v'llage which had a bad reputation for 
blackwater fever. She was subject to a chronic malaria and took oral quinine frequently. 
On 23.12.36, she received an injection of 7-5 grains of quinine bihydrochloride at 4 p.m. 
At 9 p.m. she had a rigor and passed black water. 

24.12.36. — At 6 p.m. there was another rigor. Urine passed at 8 p.m. was darkish 
red in colour and contained oxyhaemoglobin (121 '0 mg. per 100 c.c.) and methaemoglobin 
(905 mg. per 100 c.c.). Urobilin was plentiful. No further urine was obtained naturally 
and anuria set in. 

26.12.36. — ^When the patient was first seen she had gmnting respirations, was markedly 
anaemic and jaundiced and had an enlarged spleen extending to the umbilicus. Blood 
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pressure — SD = 108/65. The plasma was golden brown in colour and contained 
oxyhaemoglobin (37-0 mg, per 100 c.c.), pseudo-methaemoglobin (extinction coefficient — 
3) and bilirubin (5 units). Blood urea — 244 mg. per 100 c.c. 

A catheter was passed at 8 a.m., and again at 3 p.m., and on the last occasion a few 
c.c. of dark red urine were obtained. It was acid in reaction and contained 21-0 mg. per 
100 c.c, of oxyhaemoglobin and 226 mg. per 100 c.c. of methaemoglobin. Much urobilin 
and a few granular casts were also present. 

Comment, — We were subsequently informed that the patient died with 
anuria and malaria on 1,1.37, some 10 days from the onset of haemoglobinuria. 

APPENDIX II. 

ANAEMIA. 

The other aspect of the investigation concerns the haematological findings 
which will form the subject of a subsequent paper. In the meantime, passing 
reference to it might not be out of place. 

Our most vivid clinical impression of the hospital population in Salonika 
and that of adjacent Macedonian villages was the frequency and severity of the 
anaemia encountered there. Similarly, the outstanding differences in Mace- 
donian patients with blackwater fever compared with those of our London series 
was the persistance of anaemia due to sluggish blood regeneration. 

Atypical clinical syndromes in the post-haemoglobinuric phase were unduly 
frequent and it was only near the end of the investigations that we realised such 
patients presented a megalocytic blood picture. 

A number of pregnant women with splenomegaly and severe anaemia 
were in the wards of the Refugee Hospital at Salonika. The first case investigated 
from this viewpoint proved to be an example of tropical macrocytic anaemia. 

After returning to London, and working out the Price-Jones curves and 
bone marrow findings in material collected from cases of malaria and blackwater 
fever, the widespread distribution of this nutritional deficiency became even 
more apparent. 

In order to understand conditions of life in Macedonia it is necessary to 
remember that over 700,000 refugees from Asia Minor and elsewhere have 
immigrated there during the past 15 years and been settled in villages scattered 
through different parts of the country, many of which are highly malarious. 
Economically, conditions are hard, poverty is rife, diet and nutrition defective. 
Mr. H. Foy and Dr. Kondi inform us that white flour is widely used for bread- 
making and that red meat and eggs are rarely consumed. The rice in common 
usage is small-grained and well milled and all the available data indicate that 
there is a deplorable deficiency in foods containing extrinsic factor. 

Our observations on this side-line are naturally incomplete, but as tropical 
macrocytic anaemia has never previously been recognized in Salonika and as the 
disease is curable by marmite and preventible by correct dietary, the problem 
exceeds in practical importance even that of blackwater fever and urgently 
requires attention. 



Discussion. 


The President (Col. S. P. James) : We have heard these two most interesting 
papers and I now propose to ask you to discuss them. Before I do so I would 
like to say that before I left Cambridge this morning I had a word or two with 
Professor Keilin on the subject of Dr. Hamilton Fairley’s paper, and he 
expressed his great regret that he could not be here to-night to speak on it 
himself. He considers that the discovery described is e.xceedingly interesting 
and important, and he said that if on any future occasion we should discuss the 
subject of haemoglobin in our Society he would be most pleased to be invited 
to attend. He thought it would be interesting if Dr. Fairley would record the 
percentage of laked blood which is converted into pseudo-methaemoglobin and 
if he would give further particulars of conditions other than blackwater fever in 
which this new pigment is formed. The papers are now open for discussion. 

Sir Rickard Christophers : Those who have investigated blackwater fever 
have always been met by two great difficulties : the first is the difficulty of 
getting cases, the second is, having got the cases, to get anything new about 
blackwater fever out of them. The paper by Mr. Foy and Dr. Kondi seems to 
me, apart from anything else, to have a verj’^ important bearing upon the first 
of these difficulties. In the tropics blackwater fever usually occurs amongst a 
scattered European population living under very primitive conditions where the 
means of communication are difficult. The result is that cases really suitable for 
investigation are hard to obtain. At a time when people in what was then 
British Central Africa were much concerned about the prevalence of blackwater 
fever. Professor Stephens and myself were able to get only some five or six 
cases in as many months ; and when with Dr. Bentley, in Assam, we were about 
18 months in getting together some twenty-three cases which we were able to 
investigate at all fully. To hear Mr. Foy speaking of 400 cases is something 
quite extraordinary in this disease. One had heard of very large numbers of 
cases described by the Greek physicians in that country, but one could not help 
wondering whether these could really be the same disease as blackwater fever 
in the tropics. Mr. Foy to-night has quite clearly settled this point. This 
great prevalence of blackwater fever in Greece is an extremely important 
fact about the disease. Mr. Foy’s figures are very interesting, especially his 
table giving the monthly number of malaria and blackwater fever cases. I am 
afraid it would take too long to discuss these at all adequately. There is one 
question I would like to ask Mr. Foy in reference to the proof of his paper, 
viz., whether in Table II, where he gives a column designated “ Percentage of 
Malaria that are Blackwater Fever,” this column is not the relation of total 
admissions of malaria to admissions for blackwater fever. I presume this is so. 

I ask because it would be very interesting to know what was the proportion 
of blackwater fever cases occurring in patients admitted for malaria as against 
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that in patients admitted for other conditions. Possibly such figures are not 
available, but if they were they might give confirmation to the view that black- 
water fever is dependent on previous malarial infection. 

Dr. Fairley and Mr. Bromfield’s paper records quite new facts about 
the disease. These authors for some years now have been working systematically 
in the collection of biochemical data regarding blackwater fever. I do not 
think I shall be far wrong in saying that for the last 20 years theirs has been 
almost the only work adding anything really new to what is known of the essential 
character of this disease. Nevertheless, in spite of its interest and importance 
in understanding some features in the disease the new pigment they have 
described is like any other product of red cell destruction in blackwater fever. It 
shows evidence of destruction of the red cells, but does not directly touch the 
fundamental question of the real cause of blackwater, apart that is from the fact 
now almost universally recognised that it is the result of long, or comparatively 
long, pre-existing malaria. 

It is perhaps not uncommon to think of blackwater as a very interesting 
disease, but not really one of major importance. This, in my opinion, is wrong. 
Probably to the European nations blackwater fever is economically the most 
important of all tropical diseases. It is this disease which has given Africa the 
name of " The White Man’s Grave.” It is the disease of which people in many 
parts of the world are most afraid, that prevents the colonization of new areas, 
and prevents the success of many commercial and other projects. There is 
therefore all the greater need that we should really try to arrive at the causation 
of this condition. 

Professor Warrington Yorke : I have always been extremely interested in 
blackwater fever, partly, I suppose, because nobody who is concerned with the 
study of tropical medicine can fail to be impressed with its dramatic onset and 
course, and partly because it was with the object of endeavouring to find out 
something of the mechanism of the disease that I first went to Central Africa 
with Dr. Barratt 30 years ago. Unfortunately, of later years other interests 
and other duties have prevented my working on the disease ; but I have turned 
to it from time to time in a dilatory sort of way, and it has fallen to my lot to 
review for the Tropical Diseases Bulletm all the papers published on the subject 
during the last 25 years. When one goes through that lengthy list one cannot 
fail to be impressed with the number of them that relate to the treatment of 
the disease. The various writers advocate some particular measure of their 
own, for which they claim outstanding success. But a few years ago I took the 
trouble to go through the figures relating to blackwater fever in one of our African 
dependencies — Southern Rhodesia, I think — from 1914 to 1928, and I found that 
although the fatality rate varied greatly from year to year it showed no general 
tendency to decline during the 15 years in question. The ordinary simple 
person, like myself, can only conclude from this that the treatment of the disease 
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has not improved very much during that period. But how could it improve ? 
We have learned practically nothing of the disease during the last 25 or 30 years. 

I am able to go back, I think, to the state of knowledge, or ignorance, that 
existed in 1907, and I remember that the view, which found most favour, of the 
mechanism of the most important sign, haemoglobinuria, was that of Plehn, 
who said that the haemoglobin in the urine came from haemorrhage into the 
kidneys, and that the red cells were destroyed in the tubules of the kidneys. 
There are still people who support that view, but it does not receive general 
favour. I remember that Dr. B.^rratt and I insisted that haemoglobinuria 
was consequential and dependent on haemoglobinaemia ; and Christophers 
and Bentley, about the same time, pointed out the same fact. We insisted that 
if knowledge on the mechanism of this disease was to advance we must introduce 
quantitative methods into our examinations. I think Dr. Hamilton Fairley 
and later workers have fully confirmed that view, and Dr. Fairley has gone 
further because he has explained a phenomenon which was verj'^ puzzling to 
me, and, I think, to all the early workers, and that is. Why is the oxyhaemoglobin 
in the plasma so small in amount ? He has explained to-night why that is the 
case. I have the greatest admiration for the work of Dr. Fairley and Mr. Foy 
on this disease, but there is still so much to be done. I think there is no doubt 
at all that in blackwater fever the haemolysis is due to a sudden and catastrophic 
crisis, or to a series of such crises, somewhere in the circulation ; but, as Sir 
Rickard Christophers has pointed out, nobody knows what precipitates this 
crisis, and that, after all, is the essence of the whole thing ; and nobody knows 
where the crisis occurs, whether in the general circulation or in some backwater 
of the circulation. 

.There are one or two other points to which I would like to refer. Why is 
it that in diseases like Babesia infection, for example, and in paroxysmal haemo- 
globinuria, there is so much free oxyhaemoglobin in the plasma, whilst in 
blackwater fever, where the haemolysis is at least as great, in many cases far 
greater, you can find very little oxyhaemoglobin ? I wonder whether the relative 
deficienc}'^ of oxyhaemoglobinaemia in blackwater fever is bound up in some way 
with a proliferation of the reticulo-endothelium due to antecedent malaria : I do 
not know, and I do not think anybody else knows. It is common knowledge, of 
course, that the main cause of death in this disease is suppression of urine and 
uraemia. As Dr. Fairley has pointed out, Nauss and I investigated this 
question experimentally in 1911. We reached certain conclusions, and they 
have been confirmed by Dr. Fairley and others. It is a curious fact that only 
10 per cent, at the most — sometimes much less — of the destroyed blood is 
eliminated through the kidneys. Dr. Fairley has offered an explanation of 
that, and possibly he is correct. It is interesting to note that the same fact — 
that only 10 per cent, is eliminated from the kidneys — is seen when you introduce 
a solution • of its own haemoglobin into the circulation of the rabbit. In 
paroxysmal haemoglobinuria not more than 10 per cent, of the free haemoglobin 
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in the plasma gets out through the kidneys, and the same applies to Babesia 
infections. The manner of the escape of the haemoglobin from the plasma into 
the urine is, I think, of the greatest importance. Nauss and I produced what, 
to our minds, was very weighty evidence that haemoglobin is actually secreted' 
into the urine through the epithelium of the convoluted tubules, and that this 
fact played a considerable role in the degenerative changes leading up to 
suppression of urine. I should be interested to hear Dr. Fairley’s view on the 
matter. I still believe that it is this overw'ork of the renal epithelium that is 
partly responsible for the degeneration which occurs and which aids in the 
suppression of urine. 

Sir Rickard Christophers has drawn attention to what has always been 
one of the greatest diflScuIties in investigating this disease, namely, that of 
getting together a sufficient number of cases in a sufficiently short time and 
within a small enough area. Sir Rickard Christophers has told us of the 
number of cases he encountered when he was in Nyasaland. When Barratt 
and I were there a few years after Christophers we saw, in 18 to 20 months, 
fewer cases than Fairley has seen in Macedonia in 6 short weeks. I quite 
agree with all that Sir Rickard Christophers said about the importance of this 
disease to the European in the tropics. It is certainly one of the more important 
tropical diseases, not merely because of its death-rate, which is considerable, but 
also because of the demoralization which it produces in the patient, and of the 
dread of it induced in all people who suffer from frequent attacks of malaria. 
The problems which the investigation of blackwater fever presents are certainly 
complicated ; but if they were properly attacked by art adequate team of workers 
there is no reason, in my judgment, why they should not be solved. I hope, 
therefore, that every encouragement will be given to Dr, Fairley and Mr. Foy 
to prosecute their studies in this part of the world, which is so peculiarly adapted 
for that purpose. 

Dr. Gilles de Kock (Onderstepoort, South Africa) : I am very pleased to 
have been present to listen to the papers and the discussion to-night. I would 
like to bring to your notice observations which have been made at the Onderste- 
poort Laboratory, South Africa, in respect of a disease in sheep characterized by 
haemoglobinaemia and methaemoglobinaemia. We have carried out haemato- 
logical as well as chemical and pathological studies. The aetiology of the disease 
is still obscure. So far, we are not able to account for the sudden and tremendous 
destruction of red cells in the circulation, accompanied by an excretion of their 
broken down pigments into the urine. Spectroscopically we also identified 
methaemoglobin, but in view of Dr. Fairley’s investigations, this whole matter 
will be reopened. The sudden extensive haemolysis seems to be associated 
with a change of environment and at the present moment our views are that the 
condition may be associated with some nutritional or dietetic factor. The 
pathology of the liver reveals very interesting pigment cells and we are of the 
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opinion that these cells are probably not reticulo-endothelial cells, but so-called 
reticulum cells (?). This pigment is not found in the sinus cells, but in the cells 
of the lymph follicle of the lymph glands. In conjunction with Dr. Re-MIMCTOn*, 
micro-chemical tests have been carried out to identify the nature of the 
pigment in these cells. It is insoluble in absolute alcohol and stains intensely 
Nnth Sudan III. In the liver these pigment cells are associated with an inter- 
stitial hepatitis and their presence in this position makes it possible for us to 
arrive at a diagnosis. The literature of blackwater fever has been carefully 
scrutinized to ascertain whether anything of this nature has been described. 

This haemoglobinaemia and methaemoglobinaemia in the sheep seems to 
be associated with an increase of copper content in the liver substance. According 
to preliminar}' investigations, the clinical healthy sheep shows about 10 mgm. 
per 100 grammes of liver substance, whereas in this disease this amount has 
been greatly exceeded. What is the significance of the copper in this breaking 
down process of haemoglobin and in what relation does it stand to copper 
poisoning which seems to produce more or less a similar pathological picture ? 
In the field we were, however, not able to attribute this enzootic methaemo- 
globinaemia to copper poisoning. 

The deliberations and activities of your Society are being ver}* closely 
followed by us and your reports are always read with a tremendous amount 
of interest. 

Dr. C. C. Chesterman : i\Iay I ask Mr. Foy three questions ? First, does 
he consider infection with quartan malaria gives some degree of immunity from 
blackwater fever ? Secondly, are we to understand that he considers that 
infection with Plasmodium vivax has some causal relationship to blackwater 
fever ? In view of the fact that parasites often disappear during blackwater 
fever (as he has noted himself) and that P. falciparum probably disappears more 
readily than P. vivax, it makes one wonder whether he was not dealing with 
mixed infection. Thirdly, does he consider the alkaline treatment for black- 
water fever is now quite defunct ? 

Major J. S. K. Boyd : Dr. Foy said that P. vivax seemed to be more 
commonly associated ^^*ith blackwater fever than P. falciparum. I have had 
considerable experience of malaria parasites in Macedonia and the more that 
experience accumulated the more I was impressed by the number of mixed 
cases ; in fact ever}*^ case was a potential one of mixed infection. I am talking 
of the state of affairs among British troops during the War. Although one form 
of the parasite may be prevalent in the peripheral blood at the time when black- 
water fever occurs, there can be little doubt that all the native population has 
been infected with both forms at one time or another. Therefore, if sensitization 
Mth the malignant parasite is held to play any part in the aetiology of blackwater 
fever, it may safely be assumed that this factor is universally present in these 
Macedonian cases. 
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Mr. H. Foy (in reply) : In reply to Sir Rickard Christophers, the heading 
mentioned by him refers to the ratio of blackwater fever to malaria (i.e. S) and 
not to the number of blackwater fever cases occurring in patients admitted for 
malaria. 

Dr. Chesterman asked if infection with malariae may give some degree of 
immunity to blackwater fever. This is difficult to answer. There are villages 
in Macedonia which we have had under observation for the last 6 years, where 
originally falciparum formed 100 per cent, of the positives (spleen rate 100 per 
cent. ; parasite rate 50 per cent.) but which latterly have shown a remarkable 
increase in quartan infection (80 per cent, in one year were quartan) and during 
the whole period only three cases of blackwater fever occurred. In contrast 
we have another village of the same size in the Peloponessus where the spleen 
and blood rates were only about half that of our Macedonian village, and quartan 
much rarer, but in the same period twenty-three cases of blackwater fever 
occurred. I should add that in the former village the population was 100 per 
cent, refugee, whilst in the latter it was 100 per cent, indigenous. We might 
further add in this connection that our figures show that there appears to have 
been an increase in malariae during the last 5 years or so. 

Yes, I think there is most probably some relationship between blackwater 
fever and vivax, but, as Major Boyd has pointed out, this does not exclude 
previous sensitization with, falciparum. 

I think it quite likely that the proportion of mixed infection may have 
been higher than that actually found by us, if it is assumed that falciparum 
disappears more readily from the peripheral blood than vivax. On this point 
we would like to add that so far as our experience gots. falciparum strains in 
Macedonia do not appear to be more sensitive than vivax to quinine. 

I think that the alkaline treatment of blackwater fever is by no means 
defunct, but Dr. Fairley will deal more fully with that point in his reply. 

Major Boyd’s question with regard to the relative frequency of vivax and 
falciparum in blackwater fever cases can only be answered satisfactorily in cases 
where the frequency distribution of the species of parasites in the general 
population is knowm. The greater proportion of our blackwater fever cases that 
had falciparum in their blood can be accounted for by the greater abundance of 
this species in the population at large. Mixed infections are doubtless a very 
important factor, and as Major Boyd has said it is not impossible that the 
population has at some time or other been infected with both falciparum and 
vivax, so that previous sensitization with falciparum cannot be ruled out in the 
Macedonia blackwater fever cases. 

As regards other questions which have been asked the answers to these will 
be found in the complete paper to be published in the Transactions. 
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Dr. Hamilton Fairley (in reply) : I Avill attempt to deal briefly with some 
of the questions which have been asked. I agree with Sir Rickard Christophers 
in regard to the aetiology of blackwater fever. Our paper to-night illuminates 
the mechanism at work after the haemolysis has started, but has nothing to do 
with the fundamental cause of the haemolysis ; indeed, it completel)’’ eliminates 
the theory we put forward 2 years ago regarding its cause. When we know the 
cause of haemolysis in blackwater fever we shall know practically everything we 
want to know. I do not altogether share Prof. Warrington Yorke’s scepticism 
about our inability to do anything towards saving the lives of patients with 
blackwater fever. The work we have done in Macedonia and in London shows 
clearly one type of case associated with polyuria and adequately functioning 
kidneys in which there is prolonged haemolysis, and in which repeated blood 
transfusion saves life. Anjmne who goes into this question on a more extensive 
scale simultaneously collecting adequate clinical, haematological and biochemical 
data, will be adding a very important chapter to the treatment of this disease. 
We saw cases die in Macedonia which we felt certain, from our experience in 
London, could have been saved by repeated transfusions. They died of anaemia. 
Their kidneys were secreting well. It would be a pity if anything said by 
Professor Yorke to-night were to prevent any of you who are going out to the 
tropics transfusing such cases. I also think alkalization of the urine is rational 
therapy in blackwater fever. Our work on pseudo-methaemoglobinaemia 
supports the experimental work of Baker and Dodds in this connection since it 
shows there is no methaemoglobin in the blood. If the urine is made alkaline 
sufficiently early, clinical observation suggests there is less likelihood of producing 
silting-up of the renal tubules which Professor Yorke originally found to be 
the cause of anuria, and for which he and others have rightly advocated excessive 
fluid intake to flush out the kidneys. But, in addition. Baker and Dodds have 
shown experimentally that if a urine has a pH of 6-0 or less and a salinity exceed- 
ing 1 per cent., methaemoglobin is formed from ox5ffiaemoglobin in the 
tubules ; and blockage, with what they consider to be acid haematin, is likely 
to occur. That the alkaline treatment has often failed in anuric cases is true, 
but is not this mainly because massive haemolysis has already occurred and the 
renal damage been done before the reaction of the urine has been modified by 
treatment ? Baker and Dodds advocated alkalization, not to overcome blockage 
but to prevent it, and for this reason citrates and sodium bicarbonate should be 
immediately given not only in blackwater fever but in any intravascular haemo- 
lysis where lysis is likely to be continued or recurrent. Furthermore, by 
increasing the alkaline reserve, these drugs help to combat renal acidosis which 
we have demonstrated by biochemical methods to supervene in severe cases of 
this disease. Perhaps, in the future, the synthetic chemist may supply us with 
a drug which accelerates the conversion of oxyhaemoglobin into pseudo- 
methaemoglobin, thus protecting the kidneys from the dangers associated with 
haemoglobinuria. 
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In regard to the question asked by Colonel J.\mes, we have only been 
working on this new pigment for a relatively short time and are not yet in a 
position to record its incidence in other diseases. In enterogenous cyanosis and 
drug poisonings methaemoglobin .is formed within the corpuscles and the 
plasma has little opportunity of exerting its action since haemolysis rarely, if 
ever, occurs. Such cases are really examples of methaemoglobin-cythaemia and 
the pigment formed within the corpuscle is true methaemoglobin. 

In other conditions, however, where the corpuscle is lysed and o.xyhaemo- 
globin is liberated into circulating blood, the formation of pseudo-methaemo- 
globin is to be anticipated. In incompatible transfusion, for example, we noted 
some years ago the presence of oxyhaemoglobin and a pigment which spectro- 
scopically resembled methaemoglobin. I am convinced the pigment which we 
were then observing was pseudo-methaemoglobin, and that this pigment will 
be found if it is looked for. 

There is much to be said in favour of Professor Yorke’s views that free 
oxyhaemoglobin is selectively secreted by the epithelium of the tubules rather 
than being filtered through the glomerulus as physiologists hold. In the first 
place, it would be interesting to know whether the size of the molecule of oxyhae- 
moglobin is of the order which really permits its passage through the glomerulus : 
not all physiologists appear in agreement as to what actually is its molecular 
weight; though it is generally regarded as about 68,000. Secondly, the presence 
of eosinophil-staining globules in the tubular epithelium similar to those 
observed in the lumina of the tubules and the toxic degeneration which 
these cells undergo, suggest that haemoglobin or some toxic bi-product 
is being secreted by the kidneys. Of course it might equally well result 
from absorption of blood pigment or some toxic katabolite from within 
the lumina of the tubules. This, however, would not explain why in acute 
malarial haemolytic anaemia of monkeys (P. knozdesi), where blood destruction 
is very great, toxic changes are not infrequently found in the renal tubular 
epithelium though there is no suggestion of tubular blockage and no haemo- 
globinuria. The subject is one requiring further investigation and we hope our 
own experimental observations may throw some light on the subject at a later 
date. 
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CLINICAL OBSERVATIONS ON KALA-AZAR IN THE FUNG 
PROVINCE OF THE SUDAN. 

BY 

L, H. HENDERSON, M.D., B.Sc., D.T.M. & H.* 

Sudan Medical Service. 


The following obsen-ations are based on the detection and treatment by 
the author of over 300 cases of kala-azar occurring in the Fung Province between 
1933 and 1936. 


Topography and Climate. 

The disease occurred in villages situated on the banks of the Blue Nile and 
Its tributaries from its entrance into the Sudan from Abyssinia down to about 
150 miles short of its confluence with the White Nile at Khartoum, i.e., between 
latitude 11 N. and 14 N. approximately. The river flows through an open flat 
' plain of thick loam falling only about 200 feet in 200 miles. 

The climate is tropical, minimum temperature rarely below 60° F., and 
annual mean relative humidity 50 to 55 per cent. The rainy season commences 
in April with about 10 mm., reaches its acme of about 200 mm. in August, and 
tails off by November. 

*My thanks are due to the Director, Sudan Medical Service for permission to publish 
this paper and to Sir Robert G. Archibald, C.M.G., D.S.O., M.D., for assistance rendered 
in carrying out these observations. 
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Inhabitants. 

The area is thinly populated by 200,000 Arabs concentrated in villages 
thickly dotted along the northern part of the river, 100,000 negroids widely 
scattered in straggly villages in the southern part, and 30,000 West African 
colonists, “ Fellata,” occupying fairly isolated large villages also in the northern 
part of the Province. The habits and mode of life of all these three are very 
much alike ; all deriving a more or less precarious livelihood from keeping 
cattle, sheep and goats, or by cultivating small patches of cereals. 

Sanitation is very primitive ; the ground adjacent to villages, universally 
soiled, is mercifully re-sterilized by the strong sun. Spitting is promiscuous ; 
nasal secretion discarded haphazardly by the fingers on to the ground or clothing. 
Personal cleanliness is a very variable factor. Bathing in the river is frequently 
indulged in, but the advisability of including intimate clothing in the wash is 
not generally appreciated, hence louse infestation is common. 

Housing conditions vary. The thatched mud hut of the few better-class 
natives is fairly commodious and clean, but that of the poorer people is small, 
filthy, ill-ventilated and liable to considerable overcrowding. The occupants 
sleep on beds made of strips of hide or rope which are often infested with bugs. 
The nocturnal population of the hut is often augmented by goats, sheep, dogs, 
cats, poultry, etc. Donkeys, cattle and camels are tethered as close to the 
owners’ hut as possible. 

Food is liable to considerable contamination in preparation and consumption 
owing to the abounding filth and flies, and the prevalence of communal feeding 
from the same receptacle. Water is usually drawn in clay receptacles from the 
river but natives not immediately on the bank will readily share a muddy pool 
with their animals. Villages at some distance from the river depend on deep 
wells for their supply in the dry season. 

The staple article of diet is “ kisra ” — a kind of scone made from millet 
flour. A man will eat 3 or 4 lbs. of kisra a day, lubricating it with vegetable oil, 

“ simsim,” and washing it down with water, soup or milk. Vegetables are used 
sparingly. Meat consumption depends on personal affluence but in the poorer 
class rarely exceeds twice weekly. This diet though sufficient in calorie value 
(probably 3,000 to 4,000 calories) is obviously unbalanced, the carbohydrate 
being out of all proportion to the protein and fat content. The vitamin content 
is extremely variable. The occurrence of cases of scurvy and the low resistance 
to disease in general amongst the population suggests an inadequate supply of 
water-soluble vitamin C and fat-soluble vitamin A. 

The “ Fellata ” colonists are better nourished than their neighbours ; they 
are more active and productive, and consequently able to spend more on food. 

Endemiology. 

Though no written records exist, kala-azar appears to have been fairly 
widespread in the Province some 50 years ago, and sheikhs and elders confirm 
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that whole villages were sometimes decimated and evacuated owing to its 
prevalence. A Government Commission under Bousfield (1911) touring the 
area in 1909 noted the disease as increasing to a serious extent. A second 
Commission sent out at the end of the same year, under Thomson (1911) saw 
thirty-seven cases on the Blue Nile. Cases continued to be recorded in the 
Annual Report of the Director, Sudan Medical Service, but not in great numbers, 
down to the present time. 



Anglo-Egyptian Sudan. 


No epidemics such as those which have occurred in India and elsewhere 
have ever been authentically reported, but periodic increases in incidence have 
occasionally occurred in endemic foci of the disease. One such increase occurred 
during the period under review. At Dar Agil, a delapidated village of some 
500 inhabitants, five cases were detected in March, 1934, followed by a further 
four in April. In May a complete survey of the natives was made- and, by 
subjecting all with suspiciously enlarged spleens to splenic puncture, an additional 
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twelve cases were discovered. All these cases occurred in children or young 
adults under 20 years of age. Energetic treatment was instituted but no other 
preventive measure taken beyond keeping the village under careful supervision. 
The survey was repeated at the same time in the following year and four cases 
only were detected. 

In other foci of infection the disease was just as prevalent in 1935 as it had 
been in the previous year. The disease appears to be endemic in certain villages 
which are recognized stopping places along the routes of communication. Most 
of the cases in the present series originated in some such village. 


Incidence of the Disease. 

(a) Seasonal . — It was impossible to deduce any definite seasonal periodicity 
of the disease from the vague history of the duration of symptoms given by 
patients on admission to hospital. Cases in the area probably mostly com- 
menced between August and February. 

(i) Racial . — The incidence of the disease in the various tribes was as 
follows : — 

Arab. Negroid. Fellata. Abyssinians. 

Per cent. 70 20 5 5 

No particular racial predisposition can be deduced from the high Arab 
percentage as Arabs greatly predominate over all other races in the endemic area. 
The negroid incidence is low owing to their isolation and lack of communications. 
The Fellata possibly owe their low incidence partly to their better nutrition and 
partly to their unwillingness to mix with their Arab neighbours. The incidence 
in Abyssinian immigrants is relatively very high ; they number about 200 
ragged, ill-nourished male adults, who for the most part derive a bare existence 
by working as water carriers, donkey boys, etc., in the larger villages. To such 
a degree are they attacked by the disease, that they were formerly believed to 
have introduced the infection from Abyssinia. Their habits, lowly mode of 
life and poor physique in general render them very prone to infection. 

(c) Occupational . — The disease was commonly found in vagrants, cultivators, 
labourers, water carriers, etc. — in short, the most indigent class in all tribes. 
Police were sometimes infected on their tours of duty in the district, presumably 
by associating and living with the lowly cultivators. 

{d) Age . — In the present series of cases 66 per cent, occurred in adults and 
34 per cent, in children. The age grouping w'as as follows : 

Years .. 1 to 10 11 to 20 21 to 30 31 to 40 41 to 50 

Per cent. 16 26 38 14 6 
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In children infection was commonest between the 5th and 10th year an 
in adults between the 20th and 25th. The youngest case treated was a boy c 
18 months, the oldest a man of 47 years. 

(e) Sex . — In children the disease was twice as common in boys as in girls 
in adults there were five men for every woman treated. 

(/) Fmnilial . — A history of pre-existing infection in the family or househol 
Avas elicited in 20 per cent, of the cases treated. Considering that nearly hal 
of the adult males infected had no domicile at all, the actual ratio for sedentar 
natives AA'as about one in three. Infection in one child was frequently followe 
by cases in other children in a family but rarely in adults. In several case 
mothers nursed sick children through the disease, but no mother in the serie 
became infected in this way. Two or three sick mothers had children at th 
> breast during treatment, but in one case only could the infection possibly hav 
been passed on — a child of 18 months being found infected 5 months after th 
death of the mother from kala-azar. 

The history of contact in adults AA'as practically always contact A\dth anothe 
infected adult such as husband or AAnfe, or with someone sharing quarters. Th 
native habit of adults congregating in the hut of anyone seriously ill possibl 
accounted for the occurrence of the disease in many cases where no history o 
pre-existing infection could be obtained. 

The period elapsing between the first and subsequent cases in a househol 
Avas usually one of several months, though in a fcAv cases it Avas as much as 1 o 
e\'en 2 years. Amongst children, hoAvever, subsequent cases seemed to occu 
more quickly than in adults. 

Etiology. 

The diagnosis Avas confirmed in all cases by splenic puncture. Sometime 
the parasite Avas difficult to find and the puncture had to be repeated three o 
even four times. A positive result Avas sometimes obtained by injecting a provo 
cative dose of 0-2 gramme neostibosan 2 hours before puncture — a methoc 
advocated by Napier and Gupta (1930) in blood examination. 

Despite repeated examinations, parasites Avere found in the blood in threi 
cases only throughout the series. They were always scanty and phagocytosec 
in polymorphonuclear or large mononuclear cells. Thin films only were usee 
and no method was adopted to concentrate the cells. Marshall (1911), however 
engaged in similar work in the area reported the presence of scanty parasites ii 
thirteen out of fifteen cases examined. 

Following the publication of the work of Forkner and Zia (1934) on thi; 
subject routine nasal smear examinations were carried out. Parasites wer< 
V found in nine cases only out of 120 patients examined. 

The parasite demonstrated by these methods was morphologically the same 
as that described in India and elsewhere. 
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Pathology. 

Postmortem examination was rarely allowfed, but when possible showed, in 
addition to the appearances usually reported, a fairly consistent acute inflamma- 
tory condition of the upper part of the ilium often associated with a transverse 
ulceration of the descending colon. Parasites were never obtained from scrapings 
of these bowel lesions. 

Skin scrapings were examined in several cases but were consistently negative. 

The parasite was never demonstrated in the urine or stool of any case in 
the series. 

Concomitant Infections. 

These were present in nearly half the cases in the series. 

Malaria was the commonest, and was present in 30 per cent, of cases — 
malignant tertian in 20 per cent, and benign tertian in 10 per cent. The super- 
imposed malarial infection apparently frequently precipitated acute exacerbations 
which brought cases under medical attention. Contrary to Napier, Ejhshnan 
and Lal (1933) in the Indian type, there is apparently no antagonism between 
malaria and the type of kala-azar seen in this area. 

Intestinal parasites were found in 11 per cent, of cases, 10 per cent, harbour- 
ing Taenia saginata and 1 per cent. Ancylostoma duodenale. The presence of 
these parasites undoubtedly reduced personal resistance and rendered patients 
more susceptible to the ravages of the major infection. 

Schistosomiasis, a disease endemic in the northern part of the area, was 
found in 30 per cent, of children and 1 per cent, of adult cases. 

Dysenterjs both amoebic and bacillary, syphilis and tuberculosis were other 
infections occasionally encountered in routine examination of cases. 

Symptomatology. 

The acuteness or chronicity of onset of the disease was difficult to estimate 
owing to the uncertainty of individual histories. Ten per cent, of the cases gave 
a history of acute onset of 2 weeks or less, but on blood examination two-thirds 
of these showed a malarial infection which may have precipitated the acute 
manifestations. Twenty per cent, of the cases gave a history of 1 month’s 
duration and a further 20 per cent, of 2 months. The numbers gradually 
decreased up to 6 months — few cases only giving a longer history. Two cases 
only claimed to have suffered from the disease for 1 year and one case for 2 
years. A sudden acute onset in an uncomplicated case was extremely rare. 
The disease as seen in this series of cases was almost invariably of a chronic 
nature characterized by periodic or terminal acute exacerbations which were 
invariably of a febrile nature, associated with splenic enlargement, epistaxis, 
emaciation and anaemia, passing at a later stage to exhaustion and serious toxic 
manifestations. 

The detailed clinical character of the commoner symptoms was as follows : 
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Fever. — This occurred usually in the afternoon ; the temperature rising to 
103° to 104° F. and subsiding in a few hours with profuse perspiration. Though 
occasionally associated with headache, vomiting or even rigors, the patient did 
not look acutely ill during these paroxy^sms in the early stages of the disease, 
and preser\'ed a clean tongue and good appetite. The fever was usually remittent, 
though occasionally intermittent or continuing for a few days on end. Four- 
hourly charts showed the usual double rise in nearly SO per cent, of the cases. 
Exhibition of quinine before diagnosis frequently caused great variations in 
the temperature chart. 

Splenic and Hepatic Enlargement. — The spleen was enlarged in all cases, 
varying in size from being just palpable to a large tumour extending into the 
right iliac fossa. Increase in size was not necessaril)’’ progressive nor was it 
intimately related to the duration of the disease. One case was admitted as a 
surgical emergency because the spleen had suddenly enlarged down to the level 
of the umbilicus and was associated with acute pain and abdominal rigidity. 
With two days of conservative treatment the tumour shrank to two fingers 
breadth below the costal margin, pain and rigidity disappeared, and puncture 
established the diagnosis. This was the only case of acute splenitis in the series. 

Two cases complaining of only 4 days’ illness had spleens of four fingers’ 
breadth below the costal margin. As a general rule, however, cases with 
histories of several months had spleens down to the level of the umbilicus. 

Hepatic enlargement was not such a constant or prominent feature ; it 
was completely absent in 11 per cent, of the series. It occurred in the more 
chronic type of case extending usually one to two fingers’ breadths below the 
costal margin. In two cases only it reached the level of the umbilicus. 

Emaciation and Weakness. — From the histories obtained, it appeared that 
these symptoms occurred very early in the Sudan type of the disease. 

Haemorrhages. — Periodic attacks of epistaxis occurred in 50 per cent, of 
the series, some of the cases originating after treatment had been commenced. 
Bleeding from the gums was occasionally present. Malaena was sometimes 
observed usually associated with diarrhoea. 

Diarrhoea. — This was a common and troublesome symptom present in 
25 per cent, of the series on admission. It was often very intractable to treatment. 

/ 

Other symptoms occurring less frequently were pains in the bones and 
joints, cough, anorexia, amenorrhoea and slight jaundice. 

The pulse was always considerably accelerated and haemic murmurs were 
sometimes detected. 

About 20 per cent, of admissions, especially those who had been acutely 
ill for a few weeks, showed superadded signs of toxaemia and considerable 
blood destruction. 
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Weakness was increased to the point of extreme exhaustion, lips and tongue 
were coated with a brown fur from haemorrhage from the gums or gangrenous 
ulceration in the mouth, diarrhoea was acute with blood and mucus in the stool, 
oedema was marked on face and ankles, and ascites sometimes present. 

It was almost exclusively in this type that the earthy grey pigmentation 
characteristic of kala-azar elsewhere occurred. 

Haematology. 

An absolute reduction in all blood elements was universally present. 

Red cell counts were as follows : 

1 to 2 million. 2 to 3 million. 3 to 4 million. 4 to 5 million. 

Per cent. 10 40 45 5 

The commonest counts were 2h to 3^ million. 

The most extreme degrees of anaemia were seen in the most acutely ill 
cases, not necessarily of long duration. The lowest count — 1,400,000 — occurred 
in an adult male with a history of 11 days’ illness only. 

Leticopenia was always present to the following extent : 

2,000 to 3,000 3,000 to 4,000 4,000 to 5,000 5,000 to 6,000 

Per cent. 15 20 60 5 

No count lower than 2,000 occurred in the series. 

Differential blood counts showed the following variations : 

Polymorphonuclears. — Relative percentage averaged 40 to 50 per cent. ; 
counts as low as 25 per cent, occurred. 

Lymphocytes. — Usual average 40 to 50 per cent. Low counts of 20 to 30 per 
cent, frequently occurred in serious cases. 

Large mononuclears. — Almost invariably increased up to 15 to 20 per cent. 

Eosinophils. — Showed if anything a reduction below the normal percentage. 
Eosinophilia was usually present in superadded helminthic infections but rarely 
exceeded 10 per cent. 

Diagnosis. 

Diagnosis rarely presented much difficulty when the disease was being 
keenly sought. 

Large spleens associated with pyrexia which did not yield to quinine treat- 
ment were suspected and subjected to puncture. Senior native staff only were 
allowed to carry out the operation which was freely done both in hospital and 
on trek with no more preparation than a preceding blood examination. A 
carefully dried 2 c.c. all-glass syringe with a 22 X 1-| in. needle was used with 
the usual aseptic precautions. Though over a thousand punctures were carried 
out, one case only possibly owed acceleration to a fatal issue to the operation — 
a restless moribund male at whose postmortem 2 days later were found a collection 
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of deeply blood-stained ascitic fluid and a small tear | in. long in the splenic 
capsule at the site of puncture. 

Junior staff in dispensaries were assisted in diagnosis by Napier’s aldehyde 
test — a drop of 30 per cent, formalin added to 1 c.c. of serum producing well 
marked opacity. 

Cases presenting difficulty in diagnosis were ver}'^ early or ver}’^ chronic 
infections with little splenic enlargement and only low fever. Locally occurring 
conditions simulated were typhoid fever, Malta fever, chronic malaria, schisto- 
somiasis, and tuberculosis. 

Course and Complications. 

The course of the disease under treatment was very variable and complica- 
tions frequentl)'^ occurred, chiefly cancrum oris and infections of the upper 
respirator}'^ passages. 

Ulceration of the mouth occurred in debilitated cases and, unless strenuously 
dealt \\dth, was liable to rapid extension with a fatal termination due to septic 
absorption. The condition occurred in 10 per cent, of the series, originating 
frequently after treatment had been commenced. Ulceration was found on 
cheek, gums, uvula, tonsil and fauces. In children in particular necrosis fre- 
quently extended to the underlying bone ; in two cases recovery followed 
excision of a necrosed mandible. 

Extension of infection to the middle ear occurred in 5 per cent, of cases. 
Aural discharges were frequent and occasionally complete deafness of one or 
both ears followed. 

A virulent pneumonia sometimes superv^ened and was nearly always fatal. 

Dysenter>% usually a Shiga bacillarj'^ infection, was a very serious complica- 
tion in debilitated patients and often proved fatal. 

The condition of acute agranulocytosis described by Zia and Forkner 
(1934) occasionally occurred and was nearly always associated with ulceration 
of the fauces. 

Two in the series died of acute intestinal haemorrhage. 

Antimony poisoning occurred in several cases ; its onset was usually so 
insidious and the symptoms so like aggravation of those of the actual disease that 
it was missed in several of the early cases. It occurred in the prolonged use of 
all antimony preparations both trivalent and pentavalent and was more frequent 
in adults than in children. 


Prognosis. 

Cases were occasionally seen who refused all treatment ; these invariably 
died. The hopelessness of any form of treatment was often so firmly ingrained 
in the native mind that parents did not think it worth while bringing children to 
hospital, and adult cases were concealed to allow the victim to die peacefully in 
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his own village. Thus, in the first year of the work, treatment had to be adminis- 
tered under very adverse conditions, and the death-rate was as high as 50 per 
cent. This has been steadily reduced till in the latter part of the series it was 
25 per cent. 

The reduction is probabty attributable to the following causes : — 

1. Propaganda and actual results causing natives to seek treatment at an 
earlier stage of the disease. 

2. Earlier diagnosis of suspected cases. 

3. The ensuring of complete cure before discharge of hospital cases. 

4. Increased care in the use of antimony preparations with a healthy 
respect for their cumulative possibilities. 

Generally speaking, the earlier treatment could be commenced, the better 
the prognosis. Cases detected before serious clinical manifestations appeared, 
as in the Dar Agil sun^ey previously referred to, practically always recovered. 

During treatment a favourable prognosis could not be given unless ameliora- 
tion of the condition was accompanied by shrinkage, to some extent at least, of 
the splenic tumour. An early permanent diminution of the spleen especially if 
associated with appreciable slowing of the accelerated pulse was a very good 
prognostic sign. 

The number of parasites seen on successive splenic smears was of practically 
no prognostic significance. 

Patients showing evidence of considerable toxaemia were very difficult to 
treat and frequently showed no reaction whatsoever to antimony treatment. 

On the whole, children responded to treatment more favourably than adults. 

Differential blood counts carried out at regular intervals during treatment 
suggested in 60 per cent, of the series that the relative numbers of lymphocytes 
present at the different counts had a certain prognostic significance. An original 
low count of under 30 per cent, which did not rapidly increase under treatment, 
or a rapid reduction of the lymphocyte count during treatment, often presaged 
a fatal termination. 

The average period of hospital treatment in cases of recovery was 3 months — 
the shortest 1 month and the longest 1 year. This prolonged hospitalization 
compares most unfavourably with results obtained elsewhere. Though the 
difficulty in curing the condition was largely due to the frequently advanced 
stage of the disease before treatment was commenced, it would appear that the 
parasite in the Sudan is often peculiarly resistant to antimony therapy or that it 
readily becomes “ antimony-fast.” 

Treatment. 

To avoid confusing junior native medical staff, the only specific drugs used 
in the series were neostibosan and antimony tartrate. As soon as diagnosis was 
established, a course of neostibosan, administered on alternate days, was pre- 
scribed up to a total of 4-5 grammes for adults and 3 grammes for children. 
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The diet was made as nourishing as possible and raw or lightly cooked liver 
added to it. Mouth washes were given as a routine, and concomitant infections 
dealt with during the course of treatment. 

A complete blood analysis including total and differential counts was 
carried out as early as possible, and repeated fortnightly during treatment. If 
the total red cells fell at any time to two million, a small blood transfusion of 
50 to 100 c.c. was given and repeated if necessar 5 ^ 

On completion of the course an interval of 1 week to 10 days was allowed 
to elapse during which nothing was done bej’^ond general stimulating measures. 
At this time an injection of Fourneau 914 often had a very beneficial effect on 
the general health. This inter^^al was allowed to ensure elimination of the drug 
and to see if any early recurrence was likely in cases where spleens had completely 
disappeared under the treatment. 

At the end of this period a complete re-examination including splenic 
puncture if possible was carried out : 60 per cent, of the “ cures ” were dis- 
charged at this examination. Those still positive were then given a course of 
25 grains of antimony tartrate administered in the usual manner over a period 
of 5 to 6 weeks and re-examined after an interv’^al as before. A further 30 per 
cent, of the “ cures ” were discharged at this stage. 

Those still resistant, though in most cases showing nothing beyond a per- 
sistently enlarged and positive spleen, were subjected to a second course of 
antimony tartrate increased with care up to a maximum of 30 grains. Of the 
remainder 7 per cent, were discharged at the examination carried out after the 
termination of this course. 

The remaining 3 per cent, were cured with a final combined course of 
neostibosan and antimony tartrate given alternately at successive injections until 
the spleen commenced to show progressive shrinkage. 

Sixty per cent, only of “ cures ” were discharged with unpalpable or just 
palpable spleens. Cases were followed up as far as possible after discharge. 
It was frequently noted that in the size of the spleen the steady reduction, com- 
menced during treatment, continued, and the organ was frequently unpalpable 
6 months after discharge. 


Summary. 


An account is given of the investigation of 300 cases of kala-azar in the 
Fung Province of the Sudan. The area is inhabited by Arabs, negroids and 
Fellata whose habits and mode of life are fairly primitive. Diet, though sufficient 
in calorie value, is ill-balanced and probably deficient in Vitamins A and C. 

The disease is truly endemic and liable to periodic increase in endemic foci 
One such increase involving twenty-one cases is described. 

Cases probably originated mostly between August and February. 
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There is no particular racial predisposition ; individuals in a state of 
malnutrition and lowered resistance generally being most prone to infection. 

The disease affected mainly children and young adults, and was commonest 
in males. 

A history of contact or familial infection was common, especially in children. 

Children appeared to develop the disease more quickly than adults — ^the 
usual interval being several months after exposure to infection. 

The parasite was always present in the spleen ; in 1 per cent, only in the 
peripheral blood, and in 7-5 per cent, in nasal smears. The parasite demon- 
strated was morphologically the same as that described in India. 

On postmortem examination inflammation of the bowel was usually 
present. 

Concomitant infections found were malaria, intestinal helminths, schisto- 
somiasis, dysentery, syphilis and tuberculosis. 

The disease was usually a chronic infection characterized by periodic or 
terminal acute exacerbations. The most prevalent symptoms were fever, 
splenic and hepatic enlargement, emaciation, epistaxis and diarrhoea. 

Blood examination showed anaemia and leucopenia with a relative increase 
in lymphocytes and large mononuclears. Diagnosis was always confirmed by 
splenic puncture. 

The course of the disease varied under treatment. The chief complications 
were septic conditions of the buccal cavity and upper respiratory passages. 
Pneumonia, dysentery, agranulocytosis and acute intestinal haemorrhage also 
occurred. Several cases of antimony poisoning occurred, especially in adults. 

Prognosis depended primarily on the stage of the disease at which treatment 
commenced. 

Ultimate cure was always associated Avith splenic shrinkage in addition to 
disappearance of all other symptoms. 

Children responded to treatment more favourably than adults. Cases 
peculiarly resistant to antimony therapy occurred. Routine specific treatment 
consisted of one course of neostibosan followed if necessary by one or two 
courses of antimony tartrate. 

Treatment was controlled by splenic puncture. 
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DERMAL LEISHMANIASIS IN A NEWLY INHABITED SECTION 

OF ALEPPO. 

BY 

PHILIPP HOVNANIAN, M.D. and ROBERT JEBEJIAN, M.D., 

Aleppo, 

AND 

H. A. YENIKOMSHIAN, M.D., M.R.C.P., D.T.M. & H., 

American University, Beirut. 


During the autumn of 1935 and the winter of 1936, an outbreak of Aleppo 
boil occurred among a group of refugee immigrants in a settlement newly- 
established outside the boundaries of Aleppo City. The settlers had, for the past 
10 or 12 years, been living in “ camps ” within the city, in shacks made of 
packing cases and kerosene tins ; but Aleppo boil had never been prevalent 
among them. Two months after the first settlers had moved into their new 
homes, however, the disease appeared among them in an epidemic form, infecting 
a large majority of them. In many, the lesions were multiple, and some who 
had had Aleppo boil in the past had it again during this epidemic. The epidemio- 
logical and clinical features of dermal leishmaniasis noted in this outbreak 
seem to us of sufficient interest to warrant publication. 

For the last 10 or 15 years the city of Aleppo has been expanding rapidly, 
and new settlements are being established to provide better accommodation for 
the refugee settlers. These settlements are located in the uncultivated hill 
country to the north of the city, where, up to the time of the epidemic, no 
special health problems had arisen. The grounds where the epidemic started, 
formerly part of an orchard called “ Bustan Pasha,” are situated just outside 
the northern limits of Aleppo City and extend over an area with a dimension of 
about 1 km. east to west and 800 m. south to north. Late in the summer of 
1935, the trees were removed, plans were made to put up about 400 brick houses. 
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and building began in the north-eastern section of the plot. Fig. 1 gives the 
plan of the settlement'; the squares represent the houses which were built up 



Fig. 1. — Squares denote the houses built prior to September, 1936. 

Black dots denote the distribution of Aleppo boil. 

to September, 1936, and the dots, denote the distribution of cases of Aleppo 
boil. Fig. 2 shows one of the newly-built brick houses. Since the building 
did not start until August, 1935, there was no accommodation but the bare earth 



Fig. 2. — Brick houses showing construction conducive to maintenance of sandfly 
nuisance. Houses occupied in this state at onset of the epidemic. 












Fig. 4. Fig. 5. 


Fig. 3a. — Eldest son before tartar emetic injections. 

Fig. 3b. — Eldest son one month after the start of tartar emetic treatment. 

Fig. 4. — Multiple lesions resembling dermal leishmanoids. 

Fig. 5. — S.A. family (except father). The photograph is taken after a course of tartar 
emetic treatment, which was very efficacious in the children, but had no effect on the 

nodular lesions of the mother. 

Toface pngc I'Jo. 
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for those who moved into the grounds earlier in the summer. The site had 
not, at that time, been completely cleared of vegetation ; the ground, moreover, 
soon became littered with rubbish and manure. Mosquitoes, fleas, flies and, 
especially, sandflies were able, in these conditions, to breed abundantly, affording 
much discomfort to those who were compelled to sleep in the open and providing 
a definite menace to the health of the community. 

Early in October, 1935, about 2 months after the arrival of the first settlers, 
Aleppo boil began to appear in this new community. In order to give an idea 
of the mode of onset and the extent of the outbreak, we shall describe the history 
of the disease in the S.A. family. This is composed of five members : father, 
mother and three sons. The children were born in the camps, about 1 mile to 
the south of their present home, where the family had been living since 1922. 
With the exception of the father, who had had the disease in childhood and bore 
its scar on his upper lip, no member of the family had previously been infected. 
This family was one of the first to come to the locality, and began to build their 
house early in August, 1935. While the construction was going on, they lived 
in a part of the house which was dark, unplastered, and poorly ventilated, and 
at night suffered much discomfort from the large number of sandflies which 
infested the neighbourhood. In September, their eldest son, M., 9 years of 
age (Fig. 3a and 3b) began to show, on his face and extremities, papular lesions, 
"which throughout the winter remained nodular. None were seen on the 
abdomen and back. In the spring these lesions, especially that on the nose, 
started to ulcerate. The family became alarmed and, in April, 1936, brought 
the boy to one of us (P. H.*) for examination. In the smears taken from the 
edges of the lesions on the nose of this case we found Leishman-Donovan bodies. 
On enquiry, we learned that 1 week after the appearance of the lesions in this 
boy, the second son, 6 years of age, had developed similar eruptions on the 
exposed parts of his body. When we examined the second son later in April, 
we found some forty papular nodules on his face, legs and forearms. Leishman- 
Donovan bodies were seen in smears taken from these lesions. We learned, 
moreover, that about the time the lesions appeared in the second son, the mother 
and the youngest son (3 years of age) had the same kind of multiple eruptions. 
The lesions of the mother and the two younger boys remained nodular, without 
ulceration, throughout the winter and spring. We were interested to observe 
that the right cheek of the youngest son was free from boils, and to learn from 
the mother that this boy slept alwa5's on the right side with his cheek against 
the pillow. 

Since April, 1936, we have been making periodical visits to this settlement 
to obtain data concerning the extent and progress of the outbreak and to note 
the response of the disease to tartar emetic treatment. 

*It is with deep regret that we report the death of Dr. Philipp Hovnanian in june, 
1936. His son, Mr. A. Howanian, student of Medicine in the American University, 
Beirut, has carried on his father’s part in this work. 
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In September, 1936, the disease had already appeared in forty-five (35 per 
cent.) of the 127 families who had transferred to the new locality. Detailed 
study of thirty-two of these families shows that, out of a total of 181 persons 
(ninety-seven children and eighty-four adults), seventy-eight (43 per cent.) 
contracted the disease. Of these seventy-eight, fifty-five (70 per cent.) were 
children below the age of 12. Only 30 per cent, of the adults were infected. 
The low percentage of adults can be explained by the fact that, out of the total 
number of eighty-four adults, thirty-five had already had the disease in childhood 
while in Turkey, and had, presumably, acquired an immunity against the 
disease. If the number of the adults who had had the disease is subtracted from 
this total number, the percentage of the incidence of the disease in the adult 
group is 46 per cent. It is noteworthy that, during this outbreak the disease 
appeared in three persons of over 60 years of age for the first time in their lives. 
We have also seen active lesions contracted during this outbreak in seven persons 
who gave a history of having had Aleppo boil in the past and who have typical 
scars. All of those cases who had Aleppo boil for the second time had a mild 
single lesion on the hand, except one who had three lesions. The lesions in all 
of these cases ran a shorter course than in a first infection, and in three of them 
healed completely within 3 months. The time which elapsed between the 
first and second infections in this group varied from 10 to 50 years. 

As is seen in Fig. 1, the infection was most prevalent in the north-eastern 
section of the affected area where, in the late summer and early autumn of 1935, 
building first began. The detailed case histories show that the outbreak of 
Aleppo boil started suddenly but was of short duration, the disease being almost 
exclusively confined to those who had moved to their new homes in the summer 
and autumn of 1935. The first cases appeared in October, 1935, the majority 
in November and December, fewer in January and February of 1936, until, 
finally, only two new cases appeared after May, 1936. 

It is, again, noteworthy that in some of the houses in the north-eastern 
section no cases of Aleppo boil were found. One particular house, although 
separated by a distance of only 30 m. from the main group of buildings where 
the disease was most prevalent, nevertheless remained free from infection. 
This house was inhabited by a family of six children and their parents, none of 
whom had previously had Aleppo boil. In spite of the fact that these people 
had moved to their new home as early as the summer of 1935, they lived in a well 
ventilated and properly plastered room on the second story where they were not 
disturbed by sandflies. 


Clinical Observations. 

Some peculiarities of this epidemic are worthy of note. 

1. The lesions were multiple. The usual number of lesions was between 
ten and twenty, although many had from forty to eighty and some as many as 
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eighty-five. The disease was more widespread and severe among the children 
of from 4 to 10 years of age. Very few children of this age, living in the section 
where the disease was prevalent, escaped the infection. On the other hand, 
infants below 2 years of age were not afflicted so badly, probably because infants 
were usually protected against biting insects by a muslin cover over their faces. 

2. The distribution and the appearance of the lesions, in some cases (sec 
Fig. 4) resembled that of dermal leishmanoid. None of the cases, however, 
gave any historj^ of kala-azar; and constitutional symptoms, such as chills and 
fever and enlargement of liver and spleen, were lacking. Blood counts in six 
patients who had extensive lesions showed no definite blood changes, the white 
corpuscles varying from 8,000 to 10,000 per c.mm. Although infantile kala-azar 
occurs in different parts of the Lebanon (Hitti, 1926), no cases of kala-azar in 
adults have been reported from Syria and the Lebanon. 

3. One may assume that, those who moved into these grounds about the 
same time and lived under similar conditions were exposed to the infection 
about the same time. A review of such a group of cases indicates that the lesions 
appeared 1 to 3 months after e.xposure. We have noticed that, in general, the 
disease was more severe and the lesions greater in number in those who seemed 
to have a shorter incubation period. 

4. In seven cases out of a group of seventy-eight, the disease occurred 
for the second time. This indicates that not all persons develop a permanent 
immunity to oriental sore, and/or that re-infection may occur if the infective 
dose is massive enough ! The disease, however, was very mild in those who 
were infected a second time, and six of these seven patients had only a single 
lesion. 

5. The following are some observations on treatment with tartar emetic. 
The drug was given intravenously to thirty-five patients three times per week, 
the total dose varying from 12 to 30 grains according to the age of the patient. 
It seemed to us that, in general, the greater the number of lesions and the 
younger the patient, the quicker the recovery under tartar emetic. The response 
to treatment was very dramatic in cases with multiple ulcerative lesions. 
Children who had been suffering for 2 or 3 months from extensive ulcerating 
lesions, where the examination of the scrapings taken from the edges of the 
ulcers revealed Leishman- Donovan bodies in large numbers, showed marked 
improvement after two injections of tartar emetic, and the lesions were com- 
pletely healed within 1 month. On the other hand, patients who had the nodular 
non-ulcerative type of lesion (see Fig. 5), and others who had only a single lesion , 
especially the elderly patients, did not show appreciable improvement after a 
course of tartar emetic. 

As to the effect of tartar emetic on Aleppo boil, our observations are some^ 
what different from those of Khalil (1934). Professor M. Khalil Bey finds 
no Leishman-Donovan bodies in the secondarily infected ulcerating lesions and 
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he denies any specific action to any of the antimony preparations in different 
forms of dermal leishmaniasis that he has studied in Egypt. 

Discussion. 

In this survey we have studied an outbreak of oriental sore in a community 
which had been transferred to a new environment separated by a distance of 
about 1 mile from its previous location. The change in conditions, however, 
was such as to cause an immediate outbreak of the disease in the new settlement. 
The atmospheric conditions, the climate, the water supply, the food and mode 
of living remained unchanged. The state of the grounds and the type of house, 
on the other hand, were very different in the two localities. The kerosene tins 
and packing cases of which the shacks in the camps were composed may have 
encouraged the breeding of bed-bugs but were in no way conducive to the 
breeding of sandflies. The camp ground, moreover, was clean and free of any 
kind of vegetation. Conditions in the new settlement, however, were different. 
The bricks of the houses were made of straw and earth, material in which 
sandflies breed readil 5 L The ground was piled with rubbish and debris and 
was still, in places, covered with the undergrowth of the orchard which had 
previously stood on that land. During the building operations of the summer 
and autumn of 1935, large numbers of sandflies infested the neighbourhood. 
As the construction progressed, however, houses were plastered and streets 
cleaned, and the number of sandflies became gradually less. It is significant to 
note that, as the improvements continued and sandflies disappeared, the outbreak 
of Aleppo boil subsided. In this connection it should be noted that no outbreak 
of this disease occurred in any of the near-by settlements, where the grounds 
had not been cultivated, where there was no vegetation or rubbish and where 
no large numbers of sandflies had appeared. It is improbable that the new 
settlers introduced the infection to this locality, since many of the gardeners and 
their families living on this ground prior to the coming in of the new settlers 
gave a positive history and bore the scars of the disease, which had obviously 
prevailed in this region in the past. 

In Syria and the Lebanon dermal leishmaniasis is known as Aleppo boil. 

It has a patchy distribution in this country, as elsewhere. Although the disease 
is endemic in Aleppo, it is more prevalent during some years than others. The 
theory that the sandfly is responsible for the spread of oriental sore is strengthened 
through further evidence collected by different observers in this country who 
have kindly communicated their personal experiences. From Dr. A. Altounyan, 
who has been carrying on a wide practice in Aleppo for over 50 years, we have the 
information that Aleppo boil has always been more extensive and severe in 
those parts of the city where the hygienic conditions are poor, the streets dirty 
and the biting insects more abundant. Those families, moreover, residing in 
the cleaner quarters, who use mosquito nets or live in properly screened houses. 
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have either escaped the disease altogether or have had only small, insignificant 
lesions. Mr. J. Kuenzler, of the Swiss Mission, Beirut, who has spent more 
than 35 years doing hospital and missionary work in the Near East, describes 
similar conditions in a severe epidemic of Aleppo boil which occurred in Ourfa, 
Turkey, a district where the disease is endemic. During 1916-1917 there were 
many Kurdish and Armenian refugees in Ourfa who were brought in from the 
northern parts of Turkey. These people were forced to sleep in the open, 
having very little clothing to cover them. The epidemic was severe ; the lesions, 
which were scattered over the exposed parts of their bodies, were multiple, and 
in one patient Mr. Kuenzler was able to count as many as 260 lesions. He 
witnessed another epidemic where orphans, being transferred from Turkey to 
the Lebanon, had to spend some nights during summer in the open in districts 
where Aleppo button was prevalent : similar conditions were present. Mr. 
Kuenzler also stated that in Ourfa new cases of Aleppo boil almost always 
appeared during the last 3 months of the 3’^ear. In the light of this observation 
it is suggestive that the epidemic described in this paper also began in October 
and reached its height during November and December. The fact that sandflies 
are most abundant in Aleppo during the summer and Aleppo boil only appears 
in autumn may be significant in determining the incubation period of the disease. 


Summary. 

A. A sudden outbreak of dermal leishmaniasis occurred in a group of 
people who moved from one locality in Aleppo City to another only 1 mile to 
the north. These people had been living in Aleppo, in “ camps,” for 10 or 
more years. While in the camps they lived in wooden and tin shacks, had no 
special complaint against sandflies, and dermal leishmaniasis was not prevalent 
among them. 

B. The new houses into which they moved were built of straw and mud 
bricks. The area to which they transferred was formerly a fruit orchard, the 
grounds of which were not completely cleared of vegetation when the new 
settlers came in August, 1935, and sandflies were very abundant. 

C. The cases of dermal leishmaniasis were more prevalent among the 
people who settled in this area earlier (August to September, 1935), and very 
much less among those who came in later (during the winter, spring and summer 
of 1936) when the grounds were cleared and sandflies reduced in number. 

D. This outbreak was characterized by multiplicity of lesions and the 
prevalence of the disease among children of from 4 to 10 years old. Seven cases 
were observed who suffered from dermal leishmaniasis a second time. Children 
and those who had multiple ulcerative lesions responded to tartar emetic. Those 
who had nodular or single lesions did not appreciably benefit from tartar emetic 
injection. 
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E. No such outbreak of Aleppo boil occurred in similar settlements 
located on small hill-tops north of Aleppo where the grounds are uncultivated 
and there is no vegetation, where there are no manure heaps and where no 
particular complaint against sandflies was made. 

F. Circumstantial evidence collected in this epidemic is in agreement 
with the conception that the sandfly is the principal if not the only vector in 
transmission of Aleppo boil. 


REFERENCES. 

Altounyan, a. Personal communication. 

Hitti, J. K. (1926). Infantile kala-azar in Syria. J. Amer. vied. Ass., 

Khalil Bey, M. (1934). Dermal leishmaniasis. A study of an endemic focus in Egypt. 

Arch. Schijjs- u. Tropenhyg., 38, (10), 417. 

Kuenzler, J. Personal communication. 



Transactions of the Royal Society of' 
Tropical Medicine and Hygiene. 
Vol. XXXI. No. 2. July, 1937, 


199 


YELLOW FEVER IMMUNE BODIES AND ANIMAL SERA. 

BY 
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The simplest method of detecting the presence of immune bodies in the 
sera of human beings who have recovered from yellow fever consists in mixing 
the serum to be tested with a suspension of mouse brain infected with the 
neurotropic strain of yellow fever virus and injecting the mixture into the 
peritoneal cavities of mice which have been injected intracerebrally with a 
suspension of starch in saline. If the serum contains yellow fever immune 
bodies the mice survive, if the serum contains no immune bodies the mice die 
within 10 days from meningo-encephalomyelitis. This “ mouse protection ” 
test, first described by Sawyer and Lloyd (1931), has now been used in the 
examination of many thousands of human sera from all parts of the world and 
its specificity is undoubtedly very great though very occasionally there have 
been found human sera which neutralize the yellow fever virus when the donors 
of the sera cannot possibly have been suffering from yellow fever (Sawyer, 
Bauer and Whitman, 1937). 

*Our thanks are due to the following for their assistance in obtaining sera : Sir John 
Megaw, Col. A. J. H. Russell and Col. F. Ware (India) ; Dr. E. S. Morgan, Dr. R. Kirk 
and Dr. S. C. J. Bennett (Sudan) ; Mr. R. Daubney (Kenya) ; Dr. W. H. Kauntze, 
Dr. H. S. DE Boer and Dr. N. J. Willans (Uganda) ; Dr. David Duff, Capt. J. 
Stewart, and Mr. G. S. Cansdale (Gold Coast) ; Dr. T. H. Davey and Mr. D’. H. S. 
Davis (Sierra Leone) ; Dr. F. C. Minett (England) ; Dr. G. J. St^fanopoulo (France). 

One of us, F.O.M., is in receipt of a full time grant from the Medical Research Council. 
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The mouse protection test has also been used to show the presence of 
immune bodies in the sera of animals which have been experimentally infected 
with yellow fever in the laboratory and has now been applied to the sera of 
animals from areas where yellow fever is known to be endemic. In endemic 
areas in South America (Soper, 1936) and in Africa (Findlay, Stefanopoulo, 
Mahaffy and Davey, 1936 ; Findlay and MacCallum, 1937) it has been 
found that approximately 20 per cent, of the sera of wild monkeys give a positive 
test for the presence of immune bodies to yellow fever. The sera of monkeys 
from Kenya where yellow fever in man is not known to occur are negative as 
are the sera of monkeys from India and Java. The mouse protection test was 
further extended to the sera of domestic and wild animals from West Africa. 
The sera of two sheep from the Gambia were found by Findlay et al. (1936) 
to give a positive protection test but the significance of this finding was uncertain 
as the serum from one of six English sheep also gave a “ positive ” test. Recently 
Wilson (1937) has reported that the sera of opossums from yellow fever areas 
in South America give positive tests. 

In view of the possible role of animals in maintaining yellow fever infections 
in rural areas it appeared to be of importance to determine (1) whether the sera 
of wild and domestic animals, other than primates, from yellow fever areas give 
a positive mouse protection test and (2) the specificity of the mouse protection 
test when applied to such sera. 

In the present communication the results of examining the sera of wild 
animals, other than primates, are recorded together with the findings with the 
sef'a of domestic cows and sheep. 


Technique. 

The usual mouse protection test was employed, 1-5 c.c. of a 20 per cent, 
suspension of mouse brain infected with the neurotropic strain of yellow fever 
virus being mixed with 3-0 c.c. of the serum to be tested. As a routine the sera 
before mixing with the virus suspension were diluted 1 in 8 with saline. Six 
mice were used in each test and each mouse, after receiving starch intracerebrally, 
was injected intraperitoneally with 0-6 c.c. of the serum-virus mixture. When- 
ever a “ positive ” test was obtained, that is to say, when not more than three 
of the six mice died within 10 days of injection, the serum was retested and, if 
possible, a second sample of serum was obtained from the same animal. Sera 
were examined from the following wild animals : — Bush rat, Mastomys erythro- 
leuciis (nine) ; field rat, Arvicanthis occidentalis (one) ; ground pig, Cricetomys 
gambianus (two) ; and antelopes, various (three). These sera were obtained 
from Sierra Leone and the Gold Coast. The results of the tests were all negative 
and need not be further discussed since they agree with the negative results 
already obtained by Findlay et al. (1936). 

Among domestic animals the sera of cows and sheep were examined. 
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Cow sera were examined from Sierra Leone, the Gold Coast, Uganda, the 
Anglo-Egyptian Sudan, Kenya, England, France and India. The results 
obtained with these sera by the mouse protection tests are shown in Table I : 
it Avill be seen that of 83 cow sera from Sierra Leone, Uganda and the Anglo- 
• Egyptian Sudan 16 or 19 per cent, proved positive. These sera were all obtained 
from areas where human cases of yellow fever have actually occurred or in 
which the mouse protection test applied to human sera has given positive 
results. In Uganda where the percentage of human sera giving positive tests 
is small, the percentage of cow sera “ protecting ” was large, ten out of twenty-two 
being “ positive.” In Kenya, however, human cases of yellow fever have never 


Table I. 

EXAMINATION OF COW SERA FOR POWER OF NEUTRALIZING YELLOW FENT-R VIRUS itl vitrO. 


Country. 

Number of Sera 
Examined. 

Number of Sera 
“ Protecting.” 

Number of Sera 
“ Not Protecting.” 

England 

119 

1 (0)* 

118 

France 

34 

0 

34 

India 

40 

3 (!)♦ 

37 

Kenya 

82 

11 

71 

Sierra Leone 

16 

1 

15 

Gold Coast 

15 

0 

16 

Uganda 

22 

12 

10 

Anglo-Egyptian Sudan 

30 

3 

27 


358 

31 

327 


♦Result of retesting a second sample of serum : in the case of the Indian bulls only two of the 
three positives were retested. 


occurred nor has the mouse protection test applied to human sera so far given 
positive results : nevertheless, of eighty-two cow sera eleven were “ positive.” 
These positives curiously enough all came from the district of Lake Naivasha, 
which is nearer Uganda than the coastal region ; no positives were obtained 
from the coast. The possibility that the Kenya cows had been bitten by 
mosquitoes or other arthropods infected with the yellow fever virus cannot be 
entirely excluded. In the case of the Indian cattle — Himalayan bulls — the 
possibility of infection with the virus of yellow fever can be entirely excluded. 
From two of the three Indian cattle which repeatedly gave a positive test with 
the first sample of serum, second specimens were obtained after an interval of 
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about 5 months. In the case of one bull, No. 544, the first test on the second 
specimen was inconclusive, three of six mice surviving, a second test negative, 
one of six surviving. This serum which was at first recorded as positive, was 
therefore on further examination classed as negative. The other bull, No. 310, 
which had been positive with the first specimen, was also positive with the 
second and protected up to a dilution of one in sixty-four. Thirty-four cow 
sera from France were all negative. Of 119 sera from English cows 118 were 
negative. One serum was positive three times but a second sample obtained 
5 months later was negative. This cow, “ Dumpling,” had lived all its life in 


Table II. 

TITRE5 IN WHICH COW SERA “ INHIBITED ” THE YELLOW FEVER VIRUS IN THE MOUSE PROTECTION 

TEST.* 


Country. 

Description of 
Cow. 

i 

Sex.. 

I 

1 

Dilutions of Serum. 

1/8. 

1/16 

1/32 

1/04 

1/128 

England (Somerset) 

“ Dumpling ” 

F 

1st sample 


5 

0 


— 




2nd ,. 


0 

— 

— 

— 

India (Himalayas) 

Hill Bull 310 

M 

1st „ 

C 

C 

6 

6 

1 




2nd „ 

6 

5 

6 

6 

1 


387 

M 

1st ,. 


5 

2 

0 

1 




2nd ,. 





„ 544 

M 

1st 


2 


— 

— 




2nd ,. 


1 

0 

— 

— 

Kenya 

No. 1 

F 


5 

6 

4 

4 

1 

Anglo-Egyptian Sudan 

M 20 

F 


D 

6 

1 

0 

— 

(Darfur) 




■ 






•Number of mice living 10 days after intraperitoneal injection of virus and serumi are 
recorded : six mice inoculated in each batch. 


Somersetshire. Thus, of 175 cow sera from areas where yellow fever is not 
known to be present in man not more than thirteen sera (7 per cent.) could 
finally be classed as positive, and of these thirteen sera eleven came from an area 
in Kenya not very far removed from the Uganda border. Of seventy sheep 
sera from Kenya three protected. Two from Uganda were negative. 

In Table II are shown the titres in which certain of the cow sera protected ; 
the figures shown are the number of mice living after 10 days, six mice having 
been inoculated with each serum dilution. 
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The Specificity of the Mouse Protection Test for Human Sera. 

The specificity of the mouse protection test for the sera of man appears to 
be ver}’’ great. Of the many thousands of human sera that have been examined, 
only four have given positive tests when, as far as is known, the individuals had 
never had an opportunity of contracting yellow fever. These four persons with 
positive sera reported by Sawyer, B.auer and Whitman (1937) included one 
Canadian, and two adults and one child from India. The serum of the Canadian 
gave partial protection in three successive tests while on further examination 
5' months later another specimen of serum gave two positive tests, one incon- 
clusive and one negative. From India the serum of a 13-year-old child from 
Calcutta tested three times with a 10 per cent, virus emulsion gave inconclusive 
results tVTce and full protection once. A second specimen secured 8 months 
later, when tested against a 20 per cent, emulsion of virus, was completely 
negative. Two Tamil natives who had lived in the Chingleput District in 
Southern India all their lives also gave anomalous results. The sera of both 
individuals, P. B., aged 17, and N., aged 40, gave full protection on repeated 
tests Avith a 10 per cent, emulsion of virus both with undiluted serum and when 
diluted one in ten. P. B.’s serum tested 15 months later, against a 20 per cent, 
suspension of virus gave one inconclusive test and one clear-cut negative. N.’s 
was retested 11 months after the first testing and again a third time after an 
inten'al of 22 months. On the first occasion, in May, 1932, with a 10 per cent, 
virus suspension the serum protected undiluted and in dilutions of one in two 
and one in ten. In June, 1933, with a 20 per cent, virus suspension the serum 
protected undiluted and in a dilution of one in ten but gave an inconclusive 
result with a dilution of one in sixteen and no protection in dilutions of one in 
thirt}"-two and one in sixty-four. In April, 1935, with a 20 per cent, virus 
suspension, the serum protected undiluted and in a dilution of one in two, but 
dilutions of one in four and one in thirty-two failed to protect. 

These results are not unlike those obtained with the cow sera except that 
the percentage of cow sera giving “ positives ” is considerably higher. 

The Specificity of the Mouse Protection Test for Animal Sera. 

The specificity of the mouse protection test for the sera of domestic animals 
is as yet unproven. Possible explanations for the virucidal action of cow and sheep 
sera on the yellow fever virus are : — 

(1) Virucidal substances in varying amounts may be normally present in 
the sera of cows and sheep. 

(2) Virucidal substances may appear under certain physiological conditions. 

(3) Virucidal substances may appear as a result of bacterial or virus infec- 
tions other than yellow fever. 

(4) Virucidal antibodies may appear as a result of infection with the 
organism of yellow fever. 
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It is now well known that bacterial agglutinins and bactericidal substances 
may often be met with in normal human and animal sera, while trypanocidal 
substances in normal human sera have lately been demonstrated. In view of 
the fact that as shown by MacKay and Schroeder (1936) cord suspensions of 
rabies and poliomyelitis viruses are completely inactivated by the addition of 
40 to 50 per cent, urea solutions, it was thought that a high urea cqntent of the 
serum might possibly have a virucidal effect. It was found that, as in the case 
of poliomyelitis and rabies virus, crystals of urea ground up with a mouse brain 
infected with neutropic yellow fever virus destroyed the virus, but the amount 
of urea which had to be added to the serum, if the virus was to be inactivated, 
was far greater than that present in cow sera. The urea content of “ protecting ” 
and non-protecting cow sera, very kindly estimated for us by Prof. E. C. Dodds, 
was in fact found to show no significant variation. 

In the case of poliomyelitis, Jungeblut (1935) has suggested that virucidal 
substances may occur under certain physiological conditions, since he has found 
that the sera of pregnant mares may destroy the virus of acute anterior 
poliomyelitis. 

In the present series of cow sera “ positives ” were obtained from both 
bulls and cows, though since the English cow, “ Dumpling,” was “ positive ” 
shortly after a pregnancy and “ negative ” 5 months later there may be some 
connection between the physiological conditions and the presence of virucidal 
substances. 

The fact that infection with rickettsiae produces agglutinins for various 
strains of Bacillus proteus has suggested the possibility that other diseases may 
possibly give rise to yellow fever virucidal substances in cow sera. In the case 
of human beings the production of yellow fever immune bodies by organisms 
other than that of yellow fever has been intensively investigated, so far with 
negative results : the question of cow diseases has not been so thoroughly 
studied. The diseases which might conceivably give rise to such a non-specific 
immunity in cows are contagious abortion, rinderpest, three-day sickness of cattle 
and Rift Valley fever. The last disease can be definitely excluded since all the 
sera possessing virucidal properties against yellow fever virus were tested against 
Rift Valley fever virus and found to have no action on this virus while cow sera 
protecting against Rift Valley fever virus were not virucidal to yellow fever. 
Many of the African cow sera were from animals which had been immunized 
against rinderpest so that it seems unlikely that rinderpest produces immune 
bodies which neutralise the yellow fever virus. The question of infection with 
Brucella abortus and with the agent, probably a virus, causing three-day sickness 
of cattle is receiving further study. 

Finally there is the possibility that, in addition to a few cattle sera containing 
non-specific virucidal substances, specific immune bodies may be caused by 
infection with the virus of yellow fever. In order to study the reaction of the 
cow to the virus of yellow fever, a 2-months-oId calf was injected subcutaneously 
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with 5-0 c.c. of serum obtained from a rhesus monkey on the first day of fever 
after infection with the Asibi strain of pantropic yellow fever virus. Before 
injection the serum of the calf was tested for its protective action against yellow 
fever virus by the mouse protection test and found to give a negative result. 
The calf showed no febrile reaction during the following 3 weeks. Blood 
removed 48 hours after the injection and thereafter every 2 days up to 14 days 
after the inoculation was injected intracerebrally in mice. Virus was present 
in the peripheral blood stream 4 days after injection of the virus but absent on 
the 6th day. A second injection of 5*0 c.c. of infected monkey serum 3 weeks 
after the first inoculation failed to produce any febrile reaction : the serum 
tested 21 days later protected in a dilution of one in sixteen. This would seem 
to indicate that the cow suffers a symptomless infection with yellow fever virus, 
although it subsequently develops immune bodies. 

Discussion. 

In the present state of our knowledge the results obtained from an examina- 
tion of the sera of cows by the mouse protection test are difficult, if not impossible, 
to interpret correctly. On the one hand sera from cattle in Uganda give a high 
percentage of “ positive ” results while similar “ positives ” have been obtained 
from Sierra Leone and the Anglo-Egyptian Sudan. Cattle from these areas may 
conceivably have been infected by the yellow fever virus and it is possible, 
though improbable in view of the absence of positive human sera, that cattle from 
Kenya may also have been infected. The discrepancy between human and 
animal sera could only be explained if in East Africa the insect vectors of yellow 
fever were zoophilic rather than anthropophilic as in Senegal, according to 
Mathis (1935), Ciilex fatigam is ornithophilic rather than anthropophilic. On the 
other hand the cattle from India yielding positive sera could not possibly have 
been exposed to infection with yellow fever. 

Further observations must obviously be made on the action of cattle sera 
on the virus of yellow fever. Whatever the results of these further observations 
may be they need not be taken as in any way invalidating the specificity of the 
mouse protection test as applied to human sera; they do, however, suggest 
caution in interpreting the results of the test as applied to animal sera, unless 
at the same time negative results are obtained with sera from the same species 
living in areas where yellow fever is not endemic. 

Conclusions. • ; 

1. Sera from the bush rat, Mastomys erythroleiicus, the field rat, Arvicanthis 
occidentalis, the ground pig, Cxicetomys gainbianus and various antelopes from 
the Gold Coast and Sierra Leone failed to show the presence of yellow fever 
immune bodies. 
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2. Of eighty-three cow sera from Sierra Leone, the Gold Coast, Uganda, 
and the Anglo-Agyptian Sudan, areas where yellow fever immune bodies are 
found in human sera, 16 or 19 per cent, neutralized the yellow fever virus in the 
mouse protection test. 

3. Of eighty-two cow sera from Kenya where yellow fever in man is 
unknown, eleven were “ positive ” by the mouse protection test. 

4. Of 153 cow sera from England and France one was “ positive ” but a 
second sample from the same cow retested 5 months later was negative. 

5. Of forty cow sera from the Himalayas in India three were positive : on 
retesting second samples from two of these animals one serum was positive in a 
dilution of one in sixty-four, the other was negative. 

6. Of seventy sheep sera from Kenya three protected. 

7. Possible explanations of these results are discussed. 
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ONYALAI: A REVIEW. 
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Salisb’.try, Sottthern R/todfsia. 


Nomenclature. 

To the natives of West Central Africa the name onyalai signifies a dangerous 
haemorrhagic disease characterized by the formation of blood-filled bullae in 
the mucous membrane of the mouth and elsewhere, from which free and often 
fatal haemorrhage occurs. This disease, however, is known to exist beyond the 
confines of West Central Africa, ^^•ith the result that the nomenclature of the 
disease is determined largely by its tribal incidence. The significance of these 
native names can be assessed most satisfactorily by local investigation and 
enquiry, hence it is not proposed to make a detailed etymological study of the 
nomenclature, particularly as, in a number of cases, either the clinical descriptions 
associated with a given native name are incomplete or else it is abundantly clear 
that the term employed has generic significance only, in the sense that it includes 
a variety of haemorrhagic diseases. 

How the term onyalai is derived, or what it means, it is not possible to say ; 
but as will be seen later it is first used by Wellman (1904) in his conspectus of 
the tropical diseases of the Highlands of West Central Africa. The name 
onyalai appears to be unkno^^'n to the indigenous natives of both Northern and 
Southern Rhodesia although they are for the most part well aware of the disease. 
In Northern Rhodesia Gilkes (1934) states that the condition is termed chilopa 
or akembe. In Southern Rhodesia the term rnhiika is used by the Mashona and 
manunga by the Matebele. It is clear, however, that whilst these terms refer to 
a specific haemorrhagic disease they are also employed by the native of the 
present day to describe practically any disease in which bleeding is a salient 
feature. 

*iMy thanks are due to Dr. H. H. Scott, of the Bureau of Hygiene and Tropical 
Diseases for his generous assistance with the bibliography, to Dr. James Legg.ate, of the 
Southern Rhodesian Medical Ser\-ice, for kindly supplying me with clinical material, and 
to Mr. X. H. Myers for his enthusiastic assistance with the haematological investigations. 
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Two Other native names thought to be synonymous with onyalai are edjtio 
or edyuo (Feldmann, 1905) and kafindo (Mense, 1906). The name edjiio is 
first used by Feldmann (1905) in a short article on trypanosomiasis and 
parotid swellings met with amongst the natives of what was then known as 
German East Africa. Feldmann noted that the banana-eating natives of this 
area were prone to develop a parotid swelling accompanied by strabismus and 
mental deterioration. In some cases the syndrome was complicated by a stoma- 
titis to which the name edjuo was applied and Mense (1906) was inclined to 
regard edjuo as synonymous with onyalai. It is possible that Mense had access 
to more detailed information than is contained in Feldmann’s article since it is 
clear that the clinical descriptions contained in this article do not, in the writer’s 
opinion, warrant the conclusion that edjuo and onyalai are one and the same 
disease. 

Mense (1906) mentions a condition met with in the Congo and referred to 
by the Unyamwezi people by the name kajindo. The clinical features of this 
disease include headache, mental depression, swollen tongue, dyspnoea, cardiac 
disturbances and sometimes blood in the stools. As will be seen later kajindo 
has many clinical features in common with onyalai but in the description given 
by Mense there is no reference to the haemorrhagic bullae so characteristic of 
onyalai nor does he appear to have encountered a fatal case. Mense himself 
suggests that kajindo is probably a manifestation of Euphorbiaceae poisoning. 
At any rate it would appear unwise to regard kafindo and onyalai as synonymous 
until more information is available concerning the former disease. 

The study of the nomenclature of onyalai would appear to be still further 
complicated by the fact that traditional knowledge of the disease extends beyond 
its geographical distribution. This aspect of the problem may be illustrated by 
making reference to a recent paper (Mattlet, 1935). Whilst working in the 
Ruandi-Urundi region of the Congo, Mattlet was able to investigate a grave 
disease regarded by the White Fathers as well as by the local natives as kajindo 
(sometimes called kafindo-findo or kapfura). It is evident, however, from 
Mattlet’s studies that the natives of this area although aware of the existence 
of some such dread disease were poorly versed in its clinical features since 
Mattlet is satisfied that the cases shown him as typical examples of kafindo-findo 
were cases of cerebral infection with Plasmodium jalciparum. The surprising 
failure on the part of a native population to recognize malarial infection is 
explained on the grounds that in this particular area of high plateaux malaria 
has only recently been introduced. If Mattlet’s explanation be accepted this 
example serves to show that considerable care and discretion are necessary in 
the interpretation of the natives’ names of obscure diseases. 

Historical. 

The first reference to onyalai in English literature appears in a paper by 
Wellman (1904). In the course of a series of notes on the various diseases met 
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with in the Benguela district, Angola, since 1896 Wkllman refers briefly to 
“ a very treacherous disease ” characterized by the presence of haemorrhagic 
bullae in the mouth and elsewhere and designated onyalai by the natives of 
West Central Africa. Although no statistics arc given in this paper the disease 
was apparently of common occurrence in the Benguela district and Wellman 
appears to have been aware of its* dangerous and fatal aspects. [This paper was 
reproduced in America in 1905 (Wellman, 1905.)] 

A few months later in the same year Massey (1904) described a short series 
of cases of onyalai from amongst the natives of Portuguese West Africa. Massey 
also draws attention to the fact that the natives regarded the disease with fear 
and dread and illustrates the rapidly fatal character of the condition by referring 
to a robust native girl of 17 years who died the day following the appearance of 
the blood-filled vesicles inside the mouth. 

In part justification of the belief held by the natives of Portuguese West 
Africa that onyalai occurred in the “ far interior of Africa ” Massey (1906 and 
1907) reports a case of the disease in a native of the Baluba tribe on the Lualaba 
River about 10° south latitude, his earlier cases having been encountered about 
13° south latitude. 

Wellman (1907 and 1908), after describing a fatal case of onyalai, goes on 
to discuss in some detail the history, nature, symptoms, prognosis and treatment 
of the disease based on his experiences in Portuguese West Africa. Wellman 
concludes his discussion by saying that he is inclined to regard onyalai as a 
specific entity — a form of acute infectious disease, the cause of which has not 
yet been ascertained. 

Balfour and Archibald (1908), although unable to find any records of 
the condition in the Sudan, drew the attention of tropical workers to the 
existence of this disease and stress the need for additional information. 

No further references to onyalai can be traced until Welch (1920) described 
a case in a member of the Wa Meru tribe who inhabit the cool foot-hills to the 
north-east of Mount Kenya. So far as Welch could ascertain the disease was 
unknown to the natives of Kenya and as he points out in 1934 this is the first 
recorded case from the East African Protectorate (Welch, 1934). 

The first mention of the occurrence of onyalai in the Rhodesias is made by 
Scott (1929) whose description of the condition is based largely on notes and 
observations supplied by Dr. Wallace, of the Northern Rhodesian Medical 
Service. The disease is described as widespread in Northern Rhodesia where, 
as already stated, it is designated “ chilopa ” or “ akembe.” Thus some fifteen 
cases were encountered annually in the Broken Hill area. Finally, Gilkes (1934) 
gives an interesting account of his experiences of onyalai (chilopa) in Northern 
Rhodesia and states that the disease occurs in the villages of the Luangwa and 
Zambesi valleys. He is the first writer to give a systematic account of the 
postmortem findings but was obviously handicapped in his laboratory studies 
by the lack of adequate facilities. In the matter of aetiology he is inclined to 
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regard the disease as a non-infectious condition attributable to vitamin deficiency, 
The first reference to onyalai in Southern Rhodesia appears in the Report on 
the Public Health for the year 1924 by Dr. A. M. Fleaiing, at that time Medical 
Director for the Colony. Commenting on the diseases peculiar to Southern 
Rhodesian natives, Fleming states that one of his officers, Dr. Ellis, reported 
a case of onyalai during the year, but apart from remarking on the rarity of this 
disease no further comment is made. In subsequent annual reports occasional 
references are made to the occurrence of “ purpura ” amongst the natives and 
deaths are ascribed to this cause from time to time. It is clear, however, from 
conversations and personal communications that medical officers in different 
parts of the Colony have long been aware of the existence of onyalai amongst 
Rhodesian natives and, as will be shown later, a most effective method of treat- 
ment was evolved by one of them. 

So far as can be ascertained onyalai has not been encountered outside the 
African continent although a condition bearing a superficial resemblance to 
onyalai has been described by J. Preston Ma.vwell (1901) from the Fokien 
region of South China. This condition is characterized b)^ the formation of 
tough haemorrhagic bullae situated on the roof of the mouth, on the palate, 
uvula, inside the cheeks and in the pharynx. It is not the result of trauma but 
is attributed by the Chinese to the action of the web of a peculiar fl 5 '’-catching 
spider. Maxavell states that several of his patients assured him that they have 
been immediately victimised on taking condiments from a bowl from which the 
spider had just escaped. Apart from occasional dysphagia or dyspnoea the 
prognosis in this disease is stated to be good and apparently it lacks the sinister 
reputation that onyalai enjoys amongst the natives of Central Africa. It appears 
doubtful, therefore, if this peculiar disease can be regarded as s 3 monymous with 
onyalai although their identity or otherwise could readily be determined by 
comparative haematological studies. 

Aetiology. 

The cause of this peculiar disease is still unknown. Various suggestions 
have been put forward but these will be discussed later. To judge from the 
records of dispensaries and native hospitals males are affected more frequently 
than females. It is most commonty met with in early adult life, although both 
Massey (1904) and Gilkes (1934) refer to cases occurring in young children. 
In addition most observers draw attention to the fact that the disease occurs 
with considerable frequenej^ in apparent!}' strong and robust subjects. There 
is a considerable amount of circumstantial evidence in support of the idea that 
the disease may exhibit a familial tendency, while Gilkes (1934) believes that 
the condition may on occasion be congenital. So far as can be ascertained from 
a study of the literature and from personal experience cases may be seen at all 
seasons of the year but always sporadically. Finally, there is no evidence that the 
disease is either infectious or contagious. 
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Clinical Features. 

The disease develops suddenly. The prodromal symptoms include malaise, 
headache, pains in the chest (Gilkes, 1934), in the muscles of the legs and in 
the bones (Massey, 1904). The temperature rises in most cases though not in 
all. In the writer’s experience the maximum oral temperature encountered was 
101-2° F. on the 3rd day of the illness. Gilkes (1934) points out that while 
the temperature seldom rises above 100° F., a temperature of 103° or 104° F. is 
usually of favourable prognostic significance. Fatal cases frequently show a 
persistently subnormal temperature. The patient soon grows listless and dull. 
The eyes are “ hea\y ” and the conjunctivae suffused ; the tongue is often 
swollen and painful and as Wellman (1908) points out the parotids may also 
become inflamed and tender. Anorexia is common at this early stage whilst the 
abdominal colic which often occurs is probably a manifestation of early bleeding 
into the gut. Numbness in different parts of the body is sometimes a feature. 

Bleeding commonly sets in within 4 to 6 hours of these initial symptoms. 
In the Rhodesian cases, bleeding from the mouth and nose usually constitutes 
the presfenting feature of the established disease, whereas in the cases described 
by Wellman and Massea' although oral and nasal bleeding is recognized it is 
clear that haematuria is generally the salient clinical feature. The bleeding 
occurs as a sequel to the formation of haemorrhagic bullae in the skin and mucous 
membranes. These bullae can be studied most readily in relation to the buccal 
carity where they are seen to vary in size from a few millimetres in diameter to 
large irregular blebs several centimetres across. The interior of the larger 
bullae is usually trabeculated while the outer surface shows varying degrees of 
umbilication. These haemorrhagic effusions consist of dark, loosely coagulated 
or non-coagulated blood which extend deeply into the submucous layer. The 
bullae so formed are found inside the cheek, on the lips, under the mucous 
membrane of the tongue and on both hard and soft palate. In the more serious 
cases bullae similar in character occur in relation to the nose, naso-pharynx, 
lar}"nx, vocal cords, trachea, oesophagus, stomach, intestines and renal tract 
(Massea", 1904 ; Wellman, 1908). In addition, localized bleeding may occur 
into the skin and conjunctivae. It is of interest to note that the buccal lesions of 
onyalai although bearing a superficial resemblance to scurvy are unaccompanied 
by the characteristic gingiA^al “ budding ” of the latter disease. Blood oozes 
steadily or intermittently into the mouth and nose and the breath rapidly becomes 
offensive. 

As the disease progresses the mucous membranes grow pale and according 
to Welch (1920) the sclerae may become faintly tinged Avith yelloAAL The same 
observ^er states that the spleen may enlarge and extend U- inches below the 
costal margin, but this is seldom a f^eature of the Rhodesian cases. 

The patient grows more languid and stupid and in the severe type of case 
active haemorrhage occurs from the intestines and urinary tract. In some 
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regions, as already mentioned, bleeding from the urinary tract appears to consti- 
tute the major symptom of the disease. 

Another feature of the graver type of case is the occurrence of the physical 
signs of bronchopneumonia probably due to the presence of small haemorrhagic 
areas scattered throughout the lung substance to which Scott (1929) has drawn 
attention. Wellman (1904) states briefly that fatal haemorrhage may occur 
into the brain and its membranes and again in 1908 refers to the occurrence of 
central nervous system involvement in three of his cases, the signs being those 
of acute cerebral haemorrhage with or without the characteristic oral or skin 
vesicles. While there is no doubt that cerebral haemorrhage may constitute the 
presenting symptom in onyalai it would appear unwise to attribute such haemor- 
rhages to this disease in the combined absence of mouth lesions and confirmatory 
haematological data. 

As evidence of the occurrence of central nervous system involvement in 
onyalai reference may be made to a case met with in the course of the present 
investigation. The patient, a native of Northern Rhodesia was admitted to the 
Salisbury Native Hospital in a comatose state. A massive haematoma occupied 
the area surrounding the right eye together with the whole of the right temporal 
region. No clinical history could be obtained but it was believed that the native 
had been the victim of a murderous assault. On careful clinical examination, 
however, the characteristic haemorrhagic bullae of onyalai were discovered and 
a haematological investigation confirmed the diagnosis. The patient died 
within a few hours of his admission to hospital and postmortem examination 
revealed a massive haemorrhage into the right frontal region of the cerebrum. 
Although the possibility of assault was conclusively eliminated in this instance, 
the possible medico-legal complications which may arise in a case of this nature 
are apparent. 

The course of the disease is very variable. Some cases show a gentle oozing 
of blood from the mouth and nose for a few days with or without traces of blood 
in the urine. Such cases recover rapidly and apart from a mild hypochromic 
anaemia appear little the worse for their experience. Other cases bleed freely 
from the mouth, nose and urinary tract where fresh crops of bullae appear from 
time to time and in different situations. Severe prostration and languor accom- 
pany the attack while convalescence is slow and protracted. Others again pour 
blood from the nose, mouth, urinary tract and bowel so that death rapidly super- 
venes. In the cerebral type of the disease death may occur before external 
bleeding of any significance has had time to occur. 

Treatment. 

It is not proposed to discuss in any detail the various native remedies 
employed in the treatment of onyalai, although this aspect of the subject is not 
without interest. Suffice it to say that these remedies consist largely of plant 
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extracts usually applied externally. A plant commonly employed by the natives of 
Portuguese West Africa, according to Wellman (1908), was a species of Alhi^izia 
{A. aiithehniniica A Brogn) while the Angoni natives, according to a Rhodesian 
authority, employ an aqueous emulsion of a bush called “ mupungulila ” in 
conjunction with the leaves of a tree called “ kavunguti.” 

Massey, in his original communication of 1904, states that he gave 60 grains 
of sodium bicarbonate and half an ounce of unpurified cod liver oil each day 
internally. Wellman (1908) describes how he has tried quinine, various 
alkaline salts, oil of turpentine, acetate of lead, tannic acid, ergot and suprarenal 
extract but with no “ perceptible results.” He is inclined to think, however, 
that greater benefit is derived from arsenic ” in full doses.” Welch (1920) 
treated his case with calcium chloride “ in moderate doses ” for 2 days followed 
by a tonic mixture, while Gilices ( 1934) recommends the following measures : — 
(1) Transfusion of blood ; (2) Fowler’s solution ; (3) Injections of adrenalin, 
and (4) Calcium lactate. In addition a diet rich in vitamins is advocated. 

In the writer’s experience, however, the most effective treatment of onyalai 
is that introduced by Dr. R. M. Morris, of the Southern Rhodesia Medical 
Service, in 1926. 

The treatment consists in the intramuscular injection of 18 c.c. of donor’s 
blood in 2 c.c. of 10 per cent, sodium citrate. The injection is given into the 
buttocks or outer aspect of the thigh. The total number of whole-blood injections 
necessary varies with the severity of the case, but most cases recover after two 
injections while the more severe ones require as many as five or six injections. 

The relapse rate associated with this line of therapy cannot be stated owing 
to difficulties in maintaining a satisfactory follow-up system, but so far no 
" return cases ” have been encountered. 

The foregoing treatment is sometimes supplemented by means of intravenous 
injections of a calcium salt but there appears to be no real necessity for this 
addition so far as the control of haemorrhage is concerned. 

Autohaemotherapy has been employed by some workers but in the writer’s 
experience this method of treatment has not proved satisfactory and has been 
discarded in favour of donors’ blood intramuscularly. Dr. A. P. Martin, 
however, now Medical Director of Southern Rhodesia, states that in 1930 he 
successfully employed autohaemotherapy in two severe cases of onyalai. The 
general experience, however, is that autohaemotherapy is of little value in the 
routine treatment of the disease. 

The value of the treatment of onyalai by means of donor’s blood can be 
more fully assessed after it has been tried out in different regions of Africa, but 
there can be little doubt that it has very materially reduced the mortality rate 
from this disease amongst the natives of Southern Rhodesia. Some of these 
cases, it may be noted, came from Northern Rhodesia. 

While blood transfusion is also a suitable line of treatment it seems 
unnecessary to resort to this more elaborate method except in those cases which 
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show a severe grade of anaemia together with a reticulocyte percentage of less 
than 5 per cent. The subsequent treatment of a case of onyalai consists in the 
administration of suitable haematinics together with a diet which includes 
adequate amounts of meat, fresh fruit and vegetables. 


Prognosis. 

Amongst the native population of those regions of Africa where onyalai 
occurs, the condition has acquired a sinister reputation and is widely regarded 
as a fatal disease. It can readily be understood how this conviction arose when 
one considers the profound effect which the sight of sudden, relentless and 
prostrating haemorrhage must exert on the impressionable native mind. 
Wellman (1904) confesses that at first he was tempted to make light of native 
tradition but after seeing cases die from the disease in the space of a few hours 
he revised his initial opinion. Writing in 1908, he states that of fourteen cases, 
three died ; while Massey (1904) records a fatal outcome in a robust girl of 
17 years who died the day following the appearance of the oral lesions. Gilkes 
(1934) found thirteen deaths in a series of fifty-three cases admitted to the 
Broken Hill Hospital, Northern Rhodesia, between 1920 and 1933 ; and in his 
own series of seventeen cases there were eight deaths. Of the seven cases 
studied by the writer one died from haemorrhage into the brain substance. 
While it is true that the native dread of onyalai is not without justification there 
is evidence to show that the mortality from the disease varies significantly in 
different districts, and according to. Wellman (1908) it varies also at different 
seasons of the year. 

Those cases in which only slight bleeding occurs from the mouth and nose 
usually subside spontaneously and recover completely within a few days, but 
where severe bleeding occurs from the mouth, bladder, bowel and elsewhere 
the patient is rapidly prostrated and the subnormal temperature assumes sinister 
significance. On the other hand, as Gilkes (1934) points out, a vigorous febrile 
response is usually a favourable prognostic sign. Of even greater importance, 
however, in the prognosis of onyalai is the promptness and thoroughness with 
which the “ whole-blood treatment ” is instituted. Since the adoption of this 
particular therapeutic measure the prognosis has been so improved that a fatal 
outcome is generally the result of gross bleeding into some vital organ such as 
the brain or pancreas. Recovery when it occurs is usually complete but most 
observers agree that there is, in some cases, a tendency for the condition to recur, 
although the recurrence may not take place until months or years afterwards. 
The study of this aspect of the problem, however, is beset with many difficulties 
in view of the virtual impossibility of maintaining a “ follow-up ” system under 
existing conditions in Africa. 
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Postmortem Findings. 

Although both Wellman and Massey encountered fatal cases of onyalai 
no mention of postmortem findings is to be found in their writings. Brief 
reference to the postmortem appearances is made by Scott (1929), but the first 
systematic account is that given by Gilkes (1934) whose paper should be con- 
sulted by all those interested in the disease. 

The writer has twice had the opportunity of e.xamining a fatal case of onyalai 
postmortem and the following general account of the autopsy findings is based 
mainly on the notes of these cases. The body is commonly well developed and 
well nourished, but the visible mucous membranes are observed to be strikingly 
pallid. Areas of haemorrhage are commonly present in the skin and under the 
conjunctivae while the characteristic haemorrhagic bullae are readily demon- 
strated inside the mouth. The distribution and characteristics of these bullae 
have already been described. On opening the body cavities haemorrhagic spots 
or effusions are present in relation to all the serous surfaces. The pleural cavity 
contains a slight excess of more or less blood-stained fluid while the lung sub- 
stance may be diffusely studded with areas of haemorrhage T5 to 2-0 cm. in 
diameter (Scott, 1929). In other cases the lungs show simple hypostatic 
congestion.. The heart may show no significant changes apart from the 
subendocardial purpura or there may be recognizable haemorrhages into the 
myocardium. 

The gastro-intestinal tract presents a striking appearance. Blood, either 
fluid or clotted, is readily demonstrable in the lumen of the oesophagus, stomach 
and intestine while haemorrhagic spots or areas are seen scattered throughout 
the gut from the stomach downwards. 

In some cases haemorrhages take place into the pancreas, liver and spleen 
but even more striking is the massive bilateral effusion of blood into the peri-renal 
tissue or into the retroperitoneal tissue extending from the lower pole of the 
kidney to the pelvic brim. This peri-renal haemorrhage was, however, absent 
. from the second case examined by the writer. 

The urinary tract contains a variable quantity of blood or loose blood clot 
while haemorrhages can be seen in the walls of the renal pelves, ureters and 
urinary bladder. In one case examined the postmortem findings conformed in 
the main to the description already given but showed in addition a massive 
infiltration of the tissues of the right temporal and right orbital regions together 
with gross haemorrhage into the anterior region of the right cerebral hemisphere. 
In addition the blood had passed outwards into the subarachnoid space and 
inwards into the ventricular system. In this instance death appears to have 
occurred within a few hours of the onset of the disease. (See under Clinical 
Features.) 

G 
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Laboratory Findings. 

References to laboratory findings in onyalai are few in number and those 
that exist in the literature throw little light on the nature of the disease. Welch 
(1920) mentions the differential leucocyte count in a case reported by him from 
the East African Protectorate but since the total leucocyte count is not given 
this observation is of negligible value although it is noted that no abnormal 
white or red cells were found. 

Gilkes (1934) makes brief reference to the appearance of “ secondary 
anaemia,” the non-reduction in the haemoglobin percentage and the presence 
of a leucopenia associated with an increase in small round cells. In regard to 
the urine he noted the presence of blood and blood casts while the stools con- 
sisted either of pure blood or showed visible melaena in association with blood- 
stained mucus. In cases with cough and expectoration red blood cells were 
demonstrated in the sputum. Apart from these observations no reference to 
laboratory findings has been found in the literature consulted. An attempt has 
therefore been made to elucidate the nature of onyalai by a laboratory study of 
seven cases which were admitted to the Salisbury Native Hospital during the 
year 1935. These cases all conformed with the accepted clinical description of 
the established disease and may be regarded as fairly representative of the type 
of onyalai met with in Southern Rhodesia. One fatal case (Case VI in the Tables) 
was encountered in the course of this investigation. 


Haematological Data. 

The haematological data recorded in the sequel were obtained before 
systematic treatment had been instituted and represent the state of the blood 
after 48 to 72 hours of bleeding. 


Table I. 

The Red Ce.lls in Onyalai. 


Case 

Number. 

R.B.C.’s per 
c.mm. 

Haemoglobin 
per cent. 
(Newcomer). 

Colour Index. 

Size of 
R.B.C.’s. 

1 Reticulocytes 
j per cent. 

1 

1,750,000 

30 

10 

7-48/i 

0-0 

2 

2,520,000 

54 


7'32^ 

0-4 

:j 

2,240,000 

48 


7-32, i 

1 ^'0 

4 

4,040,000 

90 


7-32^ 

1 2*2 

5 

2,840,000 

50 


7-17, i 

1 1-2 

G 

3,430,000 

77 

1-13 

7-12^1 

. 30 

7 

2,800,000 

43 

0-74 

7-20^ 

1 5'0 
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Table I shows the rapid reduction in red cells which occurs within the 
first 2 or 3 days of the disease. As will be shown later there is no evidence of 
increased intravascular haemolysis, hence the rapid drop in the number of 
circulating red cells may be ascribed to two factors ; — (1) The steady loss of 
blood from the affected mucous surfaces. (2) The haemorrhagic infiltration of 
the tissues and organs. 

In the more severe degrees of anaemia an occasional nucleated red cell may 
be demonstrated but the characteristic feature of the Giemsa-stained blood film 
from a case of onyalai is the variation in the size of the red corpuscles. This 
feature was not subjected to statistical analysis through the medium of a Price- 
Jones curve but a rough estimate of the mean red cell diameter was arrived at 
by means of Eve’s halometer. In spite of the striking degree of anisocytosis it 
will be seen from Table I that the red cell diameters in onyalai fall within the 
limits of the mean normality range. Associated with the reduction in red cells 
there is a parallel fall in the haemoglobin percentage, hence the resultant anaemia 
in a typical case of onyalai is of the normochromic type which is commonly met 
with in any acute haemorrhage. In spite of the anaemic state of the blood the 
reticulocyte count is low in the initial stages of the disease which suggests that 
the erythroblastic marrow is exposed to some inhibitory influence at this time. 
As will be demonstrated later (see Table IV) a sharp reticulocytosis occurs 
during recovery from the disease. 

In the normal healthy person the number of platelets in the peripheral 
circulation ranges between 250,000 and 500,000 per c.mm. (Whitby and 
Britton, 1935) and there is good reason for applying the same standards to 
Southern Rhodesian natives in a normal state of health. In onyalai, however, 
a most remarkable reduction of circulating platelets occurs at the onset of the 
disease. Whether or not the platelet reduction precedes the development of 
the haemorrhagic bullae is a matter for further investigation but by the time 
bleeding occurs the platelets have fallen far below the accepted normality range. 
The actual figures obtained in the course of the present investigation are given 
in Table II, and the technique employed in arriving at these figures was that 
advocated by Cramer and Bannerman (1930). In some cases the platelets were 
so scanty that absolute accuracy in their enumeration was a matter of some 
difficulty and in these cases the results have been expressed as “ less than 1,000 ” 
platelets per c.mm. 

Using Duke’s method it was clearly demonstrated that this striking platelet 
deficiency was associated with a marked prolongation of the bleeding time. 
The normal bleeding time in healthy natives varies between 2 and 5 minutes 
but in the cases of onyalai investigated the shortest bleeding time was 14 minutes 
and the longest 2 hours and 40 minutes. On the other hand the coagulation 
time invariably fell within normal limits showing that disintegration of the 
existing platelets occurred in a normal fashion and that no abnormality or 
deficiency existed in respect of the other elements concerned in the phenomenon 
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Table II. 

The Blood Platelets and some Physical Properties of the Blood and Capillaries in 

Onyalai. 


Case 

Number. 

Platelets per 
c.mm. 

Bleeding Time in 
Minutes. 

Coagulation Time 
in Minutes. 

Capillary 
Resistance Test. 


1,750 

40 

3 

■■hhh 


2,100 

50 

3^ 

+ 



14J- 

2i 

+ 



IGO 

3 




— 

— 


6 

17,150 

14 

H 

+ 

7 

<1,000 

42 


+ 


+ = Capillary resistance test positive. 
— = No test or estimation performed. 


of coagulation. In all cases the coagulation time was determined by the method 
of Wright and Colebrook (1921). 

The final point of interest in Table II is the positive capillary resistance 
test which unfortunately was not carried out on all the cases investigated. In 
dark-skinned natives the haemorrhagic spots of a positive capillary resistance 
test are often difficult to demonstrate but if the skin of the cubital fossa and 
wrist is previously cleared by means of clove oil the haemorrhages can then be 
readily seen. A positive capillary resistance test is generally regarded as an 
indication of some abnormality of the capillary endothelium and it is also stated 
(Whitby and Britton, 1935) that a positive test signifies a platelet count of less 
than 70,000 per c.mm. It would appear, therefore, that some abnormality of 
the capillary endothelium may be a contributory factor in the production of the 
purpuric lesions of onyalai. 

Table III. 

The White Cells in Onyalai. 


Case 

Number. 

Total 

Cells. 

Neutrophils 
per cent. 

1 

Lymphocytesj Monocytes 
per cent. ! per cent. 

Eosinophils 
per cent. 

Basophils 
per cent. 

1 

11,400 

70 

22 

5 

3 

0 

2 

6,800 

’ 61 

33 

5 

1 

0 

3 

16,600 

75 

19 

6 

0 

0 

4 

12,400 

65 

28 

5 

2 

0 

6 

7,000 

46 

50 

4 

0 

0 

7 

6,000 

68 

25 

4 

3 

0 
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The impression formed by a study of the white blood cells in onyalai is 
that a definite leucopenia exists at the time of the onset of the bleeding. The 
neutrophils are reduced while the mononuclears show a relative increase. The 
eosinophils and basophils are not affected but no doubt the white cell picture is 
liable to modification in the presence of coincident parasitic infection. 

Table III shows a considerable variation in the total cell counts but this 
variation can probably be explained in terms of the duration of the illness as it 
is thought that a steady rise in white cells follows hard in the wake of the initial 
leucopenia. This aspect of the problem, however, has not been studied in 
detail. So far as can be ascertained abnormal white cells are not found in the 
peripheral circulation. 

The haematological findings discussed so far refer to the early phases of 
the disease but in three cases it was possible to make a limited number of 
observations over periods of approximately 3 weeks’ duration. Since the results 
obtained conform to a more or less definite pattern it is proposed to select one 
case only in illustration of the haematological changes that occur from the onset 
of the disease to the stage of full recovery. These results are contained in 
Table IV. 

Table IV. 

Haematological Changes from Onset to Recovery in a Case of Onyalai. 


Date. 

1936. 

Dec. 

R.B.C/s 
per c.mm. 

Haemoglobin 
per cent. 
(Newcomer). : 

Colour 

Index. 

Size of 
R.B.C.’s. 

Reticulotytes 
per cent. 

Platelets 
per c.mm. 

2 

1,750,000 

3G ' 

10 

7-48ft 

0-C 

1,750 

3 

1,500,000 

33 

M 

7-48^ 

4-0 

106,500 

0 

1,950,000 

40 

10 


20-0 

229,000 

8 

2,310,000 

44 

0-9G 

6-64n 

2G-4 

231,000 

10 

2,700,000 

50 1 

0-92 

7-i8fi 

22-2 

— 

11 

2,830,000 

5G i 

10 

7-G4/i 

21-4 

223,000 

13 

2,900,000 

5G 

0-97 

7-S2fi. 

13-0 

— 

IG 

3,220,000 

G1 

0-95 

7-48^ 

5-G 

204,000 

20 

3,420,000 

G7 ' 

0-99 

7-G4/t 

2'2 

— 

27 

4,140,000 

G7 ! 

1 

0-82 

7-48/x 

2-4 

280,000 


The first two blood counts listed in Table IV were made while active 
bleeding was still in progress. Although 20 c.c. of whole blood had been given 
before the second count was made, all the subsequent observations were made 
after the complete cessation of haemorrhage. It is clear from this table that a 
steady and rapid rise in the numbers of red cells occurs immediately bleeding 
stops while a study of the reticulocyte percentage suggests that although some 
attempt is made by the erythroblastic marrow to restore the red cells during the 
stage of active bleeding a maximal response does not occur until some 3 to 6 days 
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after the cessation of haemorrhage. As is usually the case, the rise in the haemo- 
globin percentage lags significantly behind the rise in the red cells. Great 
interest naturally attaches to the behaviour of the platelets and Table IV shows 
that from being present in insignificant numbers at the onset of the disease they 
show an abrupt increase which makes itself apparent in the brief space of 24 
hours. The significance of this abrupt rise will be discussed later but it is of 
importance to note that the rise in platelets precedes the cessation of haemor- 
rhages. It is thus possible that the fall in platelets may precede the onset of 
haemorrhage but this hypothesis requires confirmation. The platelets continue 
to rise slowly and steadily after the initial increase but probably several weeks 
have to elapse before the platelet count is fully restored to normal values. 

Table V. 

Biochemistry of the Blood in Onyalai. 


Case 

Number. 

Plasma 

Phosphorus. 

Serum 

Calcium. 

Urea. 

Non-protein 

Nitrogen. 

Choles- 

terol. 

Chloride. 

Sugar. 

1 

20 

91 

77 

83 

— 

310 


2 

2-95 

8-40 

25-2 

— 

— 

• 


3 

30 

7-7.5 

25 

29 

105 

320 


i 

2'4-i 

8-50 

30 

34 

140 

300 


5 


8-75 

35 

39 

108 

320 



0 

2-7 

10-3 

25 

34 

85 

300 

200 

7 

2-28 

8-S 

22 

— 

— 

— 

80 


It is not proposed to discuss the biochemical findings in any detail since 
the data collected on this aspect are far from complete but a table has been 
prepared from the results obtained as they may constitute a basis for some future 
study or comparison. It will be noted that in most instances the serum calcium 
falls a little below normal values but it is not possible to regard this as a particular 
feature of onyalai in view of the fact that Rhodesian natives as a group tend to 
show low values for their serum calcium. The high urea and non-protein 
nitrogen values in Case 1, Table V, is explained by the presence of an acute 
glomerulo-nephritis while the high sugar content of the blood in Case 6 was 
due to an intravenous glucose saline having been given shortly before the blood 
Avas collected. 

The van den Bergh reaction was carried out in four cases only but no 
significant results w^ere obtained Avhich suggests that the severe anaemic state 
which develops so rapidly in onyalai is not the result of intravascular haemolysis. 
It is probable, however, that had the test been repeated during the recovery 
phase an indirect reaction would have appeared in some cases as a sequel to 
the disintegration of effused blood. 




W. K. HLACKin. 


221 


Tlie Wassennann reaction was carried out on the serum of four cases with 
negative results. This suggests that neither syphilis nor yaws is concerned with 
the onset of onyalai. 


The Urine. 

It is noteworthy that in the Southern Rhodesian cases of onyalai haematuria 
is a much less prominent feature than it is in the cases described from Portuguese 
West Africa. Indeed, it may be said that gross liaematuria in a Rliodesian case 
of onyalai is of grave prognostic significance. The results of the urinary examina- 
tions carried out on the present series of cases arc summarized in Tables VI 
and VII. 


VI. 

The UniN’E in Onyai.ai (a). 


Case 

Number. 

Specific 

Gravity. 

Reaction. 

Albumin. 

Sugar. 

Acetone. 

1 

: 

' Urobilin. 

1 

1,0 If) 

Alkaline 

-i- -k 

_ 





2 

1,000 

Acid 

— 

— 

— 

— 

3 

1,018 

Alkaline 

■\- + 



— 



4 

1,010 

Acid 

+ 

— 

— 

— 

5 

1,015 

Acid 

+ 

— 

— 

— 

f) 

1,012 

Acid 

-1- + 

— 

— 

— 

7 

1,010 

Acid 

+ *f* 





Tabu; VII. 

The Urine in Onyalai (n). 


Case 



Epithelial 



B. hneina- 

Number. 

Leucocytes. 

Red Cells. 

Cells. 

Casts. 

Crystals. 

tobiiim. 

1 

"H 

+ + 

A few 

. 

Granular 

Phosphate 

— 

2 

A few 

— 

A few 



— 

3 

+ + 

+ 

+ 


Phosphate 


4 

A. few 

+ + 

A few 

— 

— 

— 

5 

+ 

+ + 

+ 

— 

Oxalate 

— 

0 

A few 

+ + 

+ 

— 

— 


7 

4-4- 

+ + + 

A few 
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The F.aeces. 

The faeces were systematically examined for ova and protozoa and any 
abnormal cytological features were noted. In one case (Case 7 in the Tables) 
an infestation with Taenia saginata was demonstrated but all the others in the 
series appeared to be free of parasitic infection of the intestinal tract. Melaena 
was readily demonstrable in every case due to the swallowing of blood from the 
buccal and nasal lesions but in one case only (Case 6 in the Tables) was there 
evidence of free bleeding from the lower gut. 


Discussion. 

The disease which has come to be known by the name onyalai may be said 
to be characterized by the sudden onset of bleeding from blood-filled bullae 
which form mainly in relation to mucous surfaces. The bleeding which occurs 
leads to severe grades of anaemia and in the absence of suitable treatment, 
frequently proves fatal. 

Various views have been expressed in explanation of this peculiar disease 
of African natives. Thus Wellman (1908) sums up his discussion on the 
aetiology of the disease by saying that he is inclined to consider onyalai a specific 
entity — that is to say an acute infectious disease of unknown causation. He rules 
out malaria and trypanosomiasis as causal factors and although he points out 
that certain arrow poisons and certain forms of snake bite (especially bites by 
the puff-adder Clotho arietans (Gray) ) may simulate onyalai he rightly concludes 
that they constitute different conditions. Finally he considers that onyalai 
differs from essential thrombocytopenia and from what are now known as the 
anaphylactoid purpuras. 

Mense (1906) in his discussion on the causation of kafindo suggested that 
the condition might be due to poisoning by Euphorbiaceae and other native 
plants but as it is not clearly established that Mense was actually dealing with 
onyalai this aetiological factor need not be discussed further. There is certainly 
no evidence in support of Euphorbiaceae poisoning as the cause of onyalai 
amongst Rhodesian natives. Gilkes (1934) is of the opinion that the disease is 
the result of vitamin deficiency though as he says, “ there is no proof of this 
either in the history of cases or from the results of treatment.” A similar view 
is expressed by Castronuovo (1934) who concludes that the condition is probably 
another tropical avitaminosis although neither Gilkes nor Castronuovo 
develops the idea further. It is recognized of course that a form of purpura 
(simple symptomatic purpura) does arise in association with certain fevers, in 
certain toxic states, e.g., snake bite, and in avitaminosis, e.g., scurvy. In all 
such instances, however, the purpuric condition occurs with slight or no 
deficiency in the circulating blood platelets. The essential lesion appears to 
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consist in damage to the capillary endothelium either in the nature of an allergo- 
toxic phenomenon as in snake-bite poisoning or as a manifestation of some 
nutritional defect of the endothelium as in scurvy. Again, in simple sympto- 
matic purpura there is no significant prolongation of the bleeding time and the 
elot retraction phenomenon presents no abnormalities unless for some reason 
an unusually severe degree of thrombocytopenia has been induced. 

The nature of onyalai, however, becomes more apparent on considering 
the laboratory data recorded above. In the first place it may be stated that 
onyalai is not constantly associated with any particular form of parasitic infection. 
Of the seven cases subjected to laborator)'’ investigation two showed an infection 
with B. haevmtobiinn and one with Taenia saginata. Repeated blood examinations 
failed to reveal the presence of blood parasites in any of the cases. 

It has, however, been clearly established that the active phase of the disease 
is associated with a profound degree of platelet deficiency in the peripheral blood, 
so much so that in some cases it is with difficulty that an accurate enumeration 
of the platelets can be carried out. In support of the occurrence of this striking 
thrombocytopenia is the fact that the bleeding time is prolonged far beyond 
the limits of normality. As already stated the shortest bleeding time observed 
was 14 minutes and the longest 2 hours 40 minutes — a period far in excess of 
the normal 2 to 3 minutes. It may be said that in every instance the effect of 
the atmospheric temperature and the site of the puncture on the duration of 
the bleeding time was carefully controlled in healthy native subjects and in all 
cases the controls showed a bleeding time well within the normal range. The 
accepted explanation of the bleeding time is that given by Duke (1915) who 
states that bleeding from small vessels is arrested mainly by the formation of 
intravascular thrombi composed of a conglomerate of platelets hence a dearth 
of platelets implies delay in the formation of these thrombi and therefore a 
prolongation of the bleeding time. Thus in onyalai the platelet deficiency is 
clearly reflected in a protracted bleeding time. 

Further indirect evidence of platelet deficiency is to be found in the quality 
of the blood clot and although no special methods were employed in the study 
of this phenomenon, it was repeatedly demonstrated that the blood clot formed 
in vitro from cases of onyalai was soft and friable and showed imperfect syneresis. 
On the other hand, as shown in Table II, the coagulation time is unaffected in 
this disease. 

One other factor remains to be considered in relation to the lesions of 
onyalai — namely the abnormal state of the capillary endothelium as revealed by 
the capillary resistance test of Hess. In this connection it may be said that while 
it was possible to demonstrate a positive test in five of the seven cases investigated, 
the purpuric lesions obtained were small and often difficult to see. This would 
seem to suggest that endothelial abnormality although a contributory factor is 
probably of secondary importance in the production of the lesions of onyalai — 
the thrombocytopenia constituting the primary factor. 
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3. The treatment of the disease is reviewed and an account given of Morris’s 
method of treating the condition by intramuscular injections of whole blood 
from a healthy donor. 

4. Prognosis is discussed and is shown to depend to a great e.xtent on prompt 
treatment with whole-blood injections. No definite statement can be made on 
the question of relapses and recurrences. 

5. A general account of the postmortem findings in onyalai is given. 

6. The laboratory findings are discussed, the important points being 
{a) thrombocytopenia, (b) prolonged bleeding time, (c) normal coagulation time, 

(d) a positive capillarjf resistance test. 

7. The suggestion is made, based on laboratory and clinical findings, that 
onyalai is an acute form of essential thrombocytopenia due to defective maturation 
of the megakar)mcytes of the marrow with an associated modification of the 
capillary endothelium as a contributory cause in the production of the haemor- 
thagic bullae. 
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TREATMENT OF MALARIA WITH IMMUNE BLOOD. 

ry 

N. LOR.A.NDO, M.D.* 
and 

D. SOTERIADES, M.D. 

Athens. 


In September, 1935, we reported in the Panhellenic Congress of Salonika 
the first results of the treatment of malaria by injection of immune whole blood 
of persons living in the same area. 

An account of this work, published in Greek, was later translated into 
English and published in London (Lorando and Soteriades, 1936). 

We think we ought now to give further details of this treatment, as from 
the beginning many experienced workers thought that either we were going to 
fail completely or to have only temporary results. 

Working Area. 

We worked among 3,953 peasants living in the district of Marathon, in 
the Marathon Communal Hygiene Centre, established by the Greek Ministry 
of Hygiene and the American Near East Foundation in October, 1934. 

The village of Marathon is situated 44 km. from Athens at the northern 
end of a plain 11 km. long and from 3 to 6 km. wide. This is the plain on which 
in ancient times Tetrapolis was situated (Marathon Trikorythos, Oenoi and 
Provalinthos) and which, after Thermopylae, was the most famous in Greece 
on account of the battle fought there in 490 B.c. between the Athenians and 
Persians. It has been practically deserted by the inhabitants because of another 
enemy, stronger than the Persians, malaria, which conquered the place and 
destroyed the population. Ancient towns were abandoned, and the visitor of 
to-day going through this area will see only the famous tomb on Marathon 
battlefield and the ruins of some of the old places, Oenoi and Ramnous, with a 
scattering fringe of population of those who dare to live there. 

Near the ruins of Oenoi, for many years a natural spring supplied a water- 
mill (now abandoned) and watered the gardens on each side of the torrent 

*We beg to express our thanks to Mr. Laird Archer and Miss Alice G. Carr, 
R.N., LL.D., of the Near East Foundation for their valuable help. 
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known by the ancients as the Ravine of Oenoi. This ravine edges the villages 
of Marathon and Bey and goes on to the sea. Several swamps were formed near 
the running stream of this torrent, especially before the construction of the 
great dam of Marathon, built by the Ulen Company of America in 1932, on the 
other side of the mountain from the sea. Behind this dam collects the water 
of the Haradra and the Varnava, two small rivers, which is then sent to Athens 
through a great tunnel. 

The Marathon plain is bounded and terminated on the north and north-east 
by the Mount Parness range of foothills. The plain itself, a narrow coastal plain, 
curves about the foot of these hills as far as Cape Kynos-oura to the north-east. 
The whole length of the plain is circumscribed by the Pentellikos foothills 
which run roughly north to south. 

Early Effort in Malaria Control. 

The first effort to control malaria in this area was made in 1907 by Professor 
Savas and J. Cardamatis (1908) who introduced modern methods. They 
found that 80 per cent, of the inhabitants were suffering from malaria and 
that 100 per cent, of the school children of Marathon (6 to 12 years old) had 
enlarged spleens. They channelled a narrow water course in the torrent of 
Oenoi, oiled the stagnant water every 10 to 15 days. They gave quinine prophy- 
lactically, 1 gramme per person every Saturday and Sunday. For the total 
period of the malaria season {i.e., for the 6 months, 1st May to 1st November) 
they distributed 24 kg. of quinine, all of which was for 1,544 of the total 1,680 
inhabitants of Marathon, Bey, Vrana and Kato Souli ; and also used some tins 
of petroleum. This work was not followed up after one season. Our total 
during the first year in which the Marathon Centre has functioned was 6 kg. of 
quinine for 1,763 persons, while the oil expended was 2 tons. The last season 
from 1st March to 31st October, 1936, required only 3 kg. 231 grammes for 
3,953 persons, the oil expended in the same period being 7 tons. 

Splenic Index at Marathon. 

Quinine has been introduced into Greece in large quantities in the last 
30 years and the spleen index of school children in many agricultural villages 
located near marshy places is improving. For instance, in Marathon district in 
1907 the spleen index was 100 per cent. Compare that with the following 
years :* 


1932 . . 

55 per cent., 134 persons. 

1933 . . 

39 

120 „ 

1934 . . 

51 

142 „ 

1935 . . 

31 

129 „ 

1936 . . 

17 

110 „ 


♦Numbers given by Dr. M. C. Balfour, International Health Division, Rockefeller 
Foundation. 



N. LORANDO AND D. SOTI-RIADES. 


229 


The spleen index of our group of 550 at tlie general clinic, Marathon 
Communal Hygiene Centre, which was 42 per cent, in 1934, dropped to 11 per 
cent, in June, 1936, in our group of 716 persons. 

Species of Anopheles. 

It is interesting to note that in 1907-1908 Anopheles superpictus and A. maculi- 
pennis were considered the chief transmitters of malaria, and that from 1934-1936 
we found that the only mosquito with which we had to deal was A. elntus 
which had probably existed there always.* This mosquito was definitely 
recognized by the researchers of the Rockefeller Foundation before us (Barber, 
Balfour, Rice, et al.), and it proved to be the important transmitter of malaria 
in our plain. 

A. superpictus breeds near Oenoi and was found in great numbers formerly ; 
but actually we believe that few only of the inhabitants of Marathon living near 
Oenoi can be bitten by this mosquito because of the construction of the dam 
of Marathon which has taken practically all of the water from the Oenoi torrent. 

The Malaria Problem. 

We cannot deal with the many phases of the work of the Near East Founda- 
tion in which we are engaged in this region but will speak only of this interesting 
light on malaria which has so unexpectedly come to us while pursuing regular 
routine work. 

We note that practically all of the population of this district, men and 
women, work in summer time in the fields, either in tobacco production or in 
vineyards. Some of these people even bring their families out near the marshy 
places and camp for a few weeks in the summer. This is the case in Kato Souli, 
a village situated on the edge of a 2,000 acre swamp. It lies not far from ancient 
Ramnous near the Cape of Stomion or Kynos-oura and is a settlement of a few 
agricultural families (100 persons) where every child suflfers from malaria. 
Adults who have lived there for years have gradually developed immunity but 
all their children are weak, feeble and anaemic. The spleen index of the children 
of this village is 100 per cent. Anopheles mosquitoes are very abundant in this 
settlement, among them the chief and practically the only carrier of malaria is 
A. elutus, previously described as A. niaculipennis by Cardamatis. In 1935 and 
1936, dissections proved that the sporozoite infection varies between 6 and 
10 per cent, according to the month : in May we found the minimum infection, 
and in August the maximum. 

Subtertian malaria is the commonest type of malaria, but once in a while 
we see cases of benign tertian. Practically everybody suffers from mixed 
infections in this area. 

*A. biftircatiis and A. algerie?isis are found in this plain. They play no r61e in the 
transmission of malaria in Greece. Anopheles maculipennis is very rare in the Marathon 
plain. A. elntus breeds in the salt water marshe.s of the plain. 
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In Kato Souli 6 km. from Marathon town, no oil or Paris green was used 
in 1935. A. ehitus was very abundant over the whole area where we worked. 
At that time only the district around Marathon town was oiled. In 1936, from 
15th April to 31st October, the Kato Souli swamp was oiled as well as the 
rest of the district. Marathon town was anopheles-free ; mosquitoes were 
diminished in Kato Souli. (This work Avas in charge of Miss Alice G.' Carr, 
Director of Public Health Work for the Near East Foundation, with its main 
centre in the Communal Hygiene Centre in Marathon.) Even after this methodic 
oiling some anopheles still persisted and we constantly found a high sporozoite 
rate among them. 

New farm labourers who came from Athens, uninfected, to work in Kato 
Souli became infected there and suffered typical attacks of malaria. This 
happened also to several soldiers Avho were sent there to work during the malaria 
season. 


A Definition of Haemotherapy. 

' t 

After this brief introduction let us explain what we mean by haemotherapy 
in malaria. It is the use of whole immune blood which is injected in doses 
of 10 to 20 c.c. subcutaneously three or four times at inter\^als of a few daj's. 

It is believed by several experts on malaria that immunity in this disease 
does not exist. Laveran (1918) stated that a first attack does not create immunity: 
on the contrary, individuals who had had malaria were more susceptible to it 
than others. He stated, however, that negroes present a greater resistance, 
which, however, never reaches immunity. 

Experimental work on birds by E. Sergent and Beguet (1914) and by the 
Sergent brothers (1910) found the possibility of obtaining at least what is 
called the premunition stage. 

Other Avorkers such as Moldoa’^ON (1912), Whitemore, Talliafero, have 
proved by their experiments the possibility of the existence of an increased 
resistance tOAvards malaria. (See also especially Thomson, 1933.) 

Experimental Immunity in Men. 

Professor Marchoux, Avhen AA'orking in Dakar in 1S9S, injected intra- 
venously tAVO negroes Avith 10 c.c. of blood containing numerous malarial 
parasites. Neither developed any rise of temperature (Marchoux, 1926). 

We must mention other Avorkers especially Yorke and Macfie (1924) and 
Yorke (1926) who proved the specific immunity towards the same species of 
Plasmodium in the same race. Similar observations AA'ere made by Boa'd in 
America (Boyd et al., 1936). 

In 1917 SoTERiADES used Avith success the' blood serum of an immune 
indh'idual to treat a patient Avith benign tertian fever. Plasmodia in crescent 
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form were present in the blood of the immune individual. In 1935 Lorando 
and SoTERiADES reported twenty-three cases of malaria (different types of 
parasites) cured by using the whole blood of immune persons, injecting it into 
the sufferers. We can now add twenty more cases, bringing the total up to 
forty-three. In the present paper cases are reported which we think valuable 
for the discussion of this method. 


C.\SES. 

Case 1. — A.L., aged 5 years (No. 259). Spleen Hackett 2, weight 15 kg., had quinine 
treatment in April, 1935, 0-3 gramme daily for 10 da 3 -s. But on 9th May, the fever and the 
positive blood (malignant tertian) proved that the case was not cured ; 14th Maj", the first 
injection of the mother’s immune blood, 4 c.c., was given subcutaneously. After this 
injection the girl’s appearance improved, spleen not palpable. On 2Sth May, a second 
injection of mother’s blood was given subcutaneously plus 0*2 gramme of quinine daily 
for 5 da\*s. Since then she has been repeatedly examined and alwaj^s found health 5 \ 
Spleen Hackett 0, no fever, no parasites in blood. Last weight, 15th March, 1937 : 
19-5 kg. 

Case 2. — (No. 901), age 3 years, suffering from malaria ; with positive blood {vivax) 
on 14th IMay, 1935, spleen Hackett 1 ; 4-5 c.c. of mother’s blood was subcutaneously 
injected on that date. On 27th May, a second attack of fever with positive blood (vivax) 
occurred. A second injection of mother’s blood was given. Since then the child has been 
very well. ^Yeight, ISth April, 1935 : 10 kg.; 13th March, 1937 : 15 kg. 

Case 4. — Cor. H. (No. 312), aged 18 months. On 15th Feb., 1935, showed mixed 
infection (subtertian and benign tertian). Quinine 0*3 gramme a day was used for 1 
month ; cure was not obtained. On 18th June, 1935, blood was still positive. On that 
day 10 c.c. of mother’s blood was injected subcutaneously. On 20th June, patient had 
another attack of fever lasting 3 hours ; we gave a second injection of 10 c.c. mother’s blood. 
One intramuscular injection of quinine 0-25 gramme was made on 22nd June by the 
communal doctor without our permission. No more quinine was administered. And 
on 25th June, a third injection of mother’s blood, 10 c.c., was given. No relapse has 
occurred up to 15th March, 1937. 

Case 5. — Pap. C, (No. 41), aged 2 years, in November, 1934, had spleen enlarged, 
Hackett 4. P. falciparum (g A rings + + A), weight 13 kg. Quinine 0-3 gramme was 
given daily for 1 month. On 20th June, 1935, patient showed high temperature, /a/cj^artwz 
rings in the blood. First injection of 10 c.c. of mother’s blood was given on that date. 
25th June, 1935, a second injection of mother’s blood was given. Child appears clinically 
cured up to 15th March, 1937. 

Case 9. — C.P. (No. 39), aged 13 years. This boy was first examined on 30th October, 
1934. Spleen was very much enlarged, anaemia intense, obvious cachexia, as he could 
scarcely walk. Blood at that time was negative for malaria. He had 1 gramme quinine 
daily for 1 month and quinoplasmine for 5 days. On 18th June, 1935, the blood was positive 
(subtertian). We gave an intravenous injection of mother’s blood, 10 c.c. On 2nd July 
and 9th July we repeated the injection. Chill and fever Mth parasites in the blood followed 
these injections. 

11th July, 1935, subcutaneous injection of 10 c.c. mother’s blood plus 0-5 gramme 
quinine for 5 days only were administered. 

14th July another subcutaneous injection of 10 c.c. mother’s blood was given. After 
this the spleen shrank from Hackett 4 to Hackett 1'5. Since that time the child has been 
well. He works in the fields, usually in Kato Souli where in the year 1935 A. elutus 
was very abundant and where nobody could escape being infected. This is an instructive 
case as it shows that immunity in this area develops very slowly and that the children 
have to take courses of quinine treatment every year until they are adults. 

Cases 10 and 11 show same characteristics as Case 9. Quinine was used for a 
month. Tj^pical relapses were observed. Mother’s blood injected subcutaneously has 
brought complete cure up to the present, 15th March, 1937. 

n 
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Case 12. — (No. 457) aged 10 years, resident of Athens. She moved to Marathon 
in December, 1934. In May, 1935, she ran a high and continuous temperature, was semi- 
comatose, spleen not palpable, recurrent epistaxis, all of which symptoms gave the impres- 
sion to the local doctor of typhoid fever. Widal test was negative. P. falciparum was 
present in great numbers, pulse very rapid. Quinine injections were used (Dr. CapanidEs) 
from 27th June to 2nd July, as well as mother's non-immune blood, 20 c.c. each time. (The 
mother had then never had malaria but later suffered from it.) From 2nd J uly to 9th August, 
the patient took 60 tablets 0T5 gramme of quinine, 30 tablets of quinoplasmine, one 
subcutaneous injection of 10 c.c. mother’s blood. This treatment proved ineffective as 
neither quinine nor quinoplasmine nor the non-immune blood prevented a relapse from 
9th to 22nd August with continuous temperature and plasmodia in the blood. (Subtertian 
4- , tertian -f- + + ). This child moved away and has been lost to our records. 

Case 17. — (No. 1,144) a child 2J years old with tertian parasites in the blood during 
an epileptoid attack of malaria ; 10 c.c. of blood was injected (taken from the donor Dr. 
Capanides, the communal doctor) on the 27th of August, 1935. This injection was repeated 
on the 3rd of September, 1935. No other attack occurred after this treatment. 

Case 18. — (No. 1,143) E.Z., 15 years old, resident of Marathon, was examined 
on 27th August, 1935, and malarial parasites (vivax) were found in the blood. The spleen 
was enlarged Hackett 4, haemoglobin 70 per cent., high temperature every other day. 

First injection of 10 c.c. of blood was given from the donor, the resident doctor of 
Marathon. On the 3rd of September we repeated the injection with the same amount of 
blood. 

The child never used quinine or other anti-malarial drugs. Cure maintained. Spleen, 
December, 1935, Hackett 1. No relapses, and is now well, 15th March, 1937. 

Case 23. — (No. 484) G.D., aged 12 years. Lives out of Marathon, town of Bey. 
First examined on 15th December, 1934, and found anaemic with enlarged spleen — 
Hackett 3, febrile attacks every 8 days. This child had an idiosyncrasy for quinine. One 
tablet (O’lS gramme) caused rash, vomiting, etc. On 5th December, 1935, the spleen 
reached as low as the left iliac fossa. We then injected 15 c.c. of mother’s blood and again 
10 c.c, on the 19th of December. After these injections the child improved very much. 
Appetite reappeared, she felt stronger and spleen was much diminished. Up to the present 
date, 15th March, 1937, the child has remained well. 

(No. 277) Town of Nea Makri. Sophia B., aged 15 years, weight 39 kg. First 
examined, 3rd March, 1936. Spleen enlarged, Hackett 2. 

Fever first appeared in August, 1935, lasted 8 days. Then after 6 weeks came attacks 
of chills and fever. On the 9th of March, 1936, patient had a severe attack of fever, high 
temperature and vomiting which obliged her to come to the clinic next day for blood 
injection. Her blood was positive for vivax (rings). Spleen enlarged, Hackett 2, liver 
palpable under the false ribs. 10th March, 1936, first injection of mother’s blood was given 
subcutaneously, 18 c.c. ; 1 1th March, 1936, attack of fever lasting several hours. This girl 
is a shepherdess, far away in the mountains and could not come down to the clinic without 
great difficulty, and not unless she was ill. So she had no blood test except the first one . 
A second attack occurred 13th March, 1936. A second injection of 18 c.c. of mother’s 
blood was given subcutaneously on March 17th, 1936. Never used quinine, never had any 
other attacks. On 15th March, 1937, she was found very healthy and rosy ; weight; 
45-5 kg. 

Remarks. 

We can divide our cases into two groups : (1) Cases treated with immune 
blood and quinine. (2) Cases treated with only immune whole blood. 

I. — Cases Treated with Quinine before Haemotherapy Treatment, 

We selected these cases purposely because one quite frequently sees these 
children in agricultural areas of Greece suffering from continual attacks of 
malaria, at least during the hot months of the year. They take quinine for several 
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children subcutaneously with mother’s blood, and one with father’s blood : all 
were suffering from tertian malaria. The children took no quinine. We asked 
Mr. Baker to report on these cases. Below is his letter of 1st Januar}'^, 1937. 

“ When you were here in May, 1935, I made a note of three children who were very 
ill with malaria and whom you injected with their parents’ blood. They were ; Georqe Ts., 
14 years old ; Evangelos Bal., 14 years old ; Chrysanthe Bel., 3 years old. 

They were all very bad cases. I thought the last was sure to die. They are now 
very big strong children. I have seen them all and not one of them has had a single day of 
fever since you injected them. We all owe you great gratitude.” 

We feel that we have had sufficient experience in our haemotherapy for 
malaria immunity to believe that there is real worth in it, and that some day we 
may see it properly studied by researchers who have adequate equipment for 
doing so. Our work at present in the Near East Foundation is not research. 
We caught at the hope in this treatment when we went into a very malarious 
region. We wanted a healthy population so that we could pursue our regular 
programme of rural rehabilitation. So far the treatment has certainly not 
disappointed us, because for 2 years treated persons have been free from malaria. 
The older ones are able to do their work and take their place in the community. 
This haemotherapy does away with expensive, long-drawn-out medical treatment; 
and the patient suffers from no reaction or shock. 
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Station de malariatherapie de Costiugeni, Romania. 


In the League of Nations report on the therapeutics of malaria* based on 
experimental researches it is concluded that there is no known drug which, 
administered in therapeutic doses before and during the early days of the 
incubation period, is able to suppress the infection and bring about a true 
causal prophylaxis. 

In 1934 Colonel James supplied us with a solution of atebrin and a solution 
of quinine base to enable us to test the action of these substances in dilutions of 
1 in 1,200 on the sporozoites of the parasite of malignant tertian malaria. 

We followed the technique of James and Shute and dissected the mosquitoes 
on a slide in the solution of the medicament. The sporozoites suspended in 
0‘5 c.c. of the solution were then injected in a vein of a patient whose mental 
state required malaria therapy. The subsequent course of events was closely 
followed and controlled by clinical observation and the examination of thick 
blood films on the one hand and the transfusion of blood to other mental patients 
requiring treatment. 

We give below the results we have obtained noting at once, however, the 
imperfections of the method which, it seems to us, cannot bring about an equal 
exposure to the medicament of all the sporozoites owing to the lack of uniformity 
in the suspension. 

*Quart. Bull. Hlth. Org.L.o.N., 1933. 
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A. — First Series of Experiments. 

1. The patient, Bg. Th., was given intravenously on 2nd October, 1935, 
a suspension, in 0-5 c.c. of a solution of basic quinine (1 in 2,500), of sporozoites 
from the salivary glands of sixteen anopheles infected with our routine strain of 
malignant tertian malaria (T.M.78). The dissection of the glands on the slide 
occupied over 30 minutes. The sporozoites from the different glands were not 
in contact with the drug for the same time but the minimum exposure was 
30 minutes. The patient contracted an infection after an incubation period of 
15 days, the parasites appearing on this day and fever on the following day. 
Quinine was thus without any action on the sporozoites. A number of other 
patients were inoculated with 60 to 75 c.c. of citrated blood, collected from the 
patient who had received the sporozoites, 4 hours, 1 day, 2 days and 3 days 
after the injection. The results are shown in the Table I. 

It will be noted that of twelve patients inoculated with the blood of the 
donor only one (M.I.) became infected. This patient had received at the same 
time as two other patients a transfusion of blood taken from the donor 4 hours 
after the injection of a suspension of sporozoites in a solution of basic quinine. 
One has to conclude that the sporozoites were not uniformly distributed in the 
blood of the donor and that some at least of the sporozoites injected intravenously 
had not left the general circulation after 4 hours. 

The negative results given by the other eleven patients confirm our previous 
observations which showed that the blood was non-infective for the first 3 days 
of the incubation period. In this case again proof that infection had not taken 
place was given by the susceptibility of the patients to inoculation with the same 
strain of malignant tertian malaria carried out 35 days later. 

2. A patient (Bob I) was given a suspension of the sporozoites from 
fourteen salivary glands in a solution of 1/2,500 atebrin. Infection was found 
to have occurred on the 15th day ; from this it can be concluded that under the 
conditions of the experiment atebrin in a strength of 1 /2,500 has no action on 
the sporozoites and does not prevent infection. 

Table II shows that the blood of a donor, taken after the same intervals of 
time after the injection of sporozoites exposed to quinine as in the first table, did 
not produce infection. Some of these patients were proved to be susceptible 
to the same strain of malignant tertian malaria (T.M.78) when inoculated later 
with either normal sporozoites or with virulent blood. 


B. — Second Series of Experiments. 

In these experiments we employed a more exact technique using however, 
the same solutions of quinine and atebrin as in the first series. As the solutions 
had become invaded by moulds they were sterilized before use. 
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Table II. 
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Each patient inoculated received intravenously a suspension of sporozoites 
from a single infected gland, the dissection being carried out as before in the 
solution of the drug ; the contact of the sporozoites with the drug was 15 minutes. 
Four patients received a suspension of sporozoites in a solution of basic quinine, 
four a suspension in a solution of atebrin, and four as controls an equivalent 
suspension of sporozoites in Ringer’s solution. 

In Table III are given the results obtained and the proof of the susceptibility 
of those patients which were not infected as a result of the first injection. 


Patients. 

Suspension of Suspension of Suspension of Period of 

Sporozoites Sporozoites Sporozoites Observation Result of 

in Atebrin in Quinine in Ringer’s before Reinoculation. 
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It will be seen from the above table that one out of four individuals inoculated 
with sporozoites in atebrin solution and two out of fourwith sporozoites in quinine 
solution became infected just as did the controls which received sporozoites 
suspended in Ringer’s solution. The negative results given by the other cases 
bear evidence of the varying factors which may be at work such as the non- 
infectivity of sporozoites from certain glands or their greater sensitiveness or 
the variations in individual resistance of persons inoculated with sporozoites of 
which the vitality has been impaired. 

Conclusion. 

It appears from the above experiments that malarial sporozoites under 
certain conditions are able to withstand the direct application of quinine and 
atebrin in concentration of 1 in 2,500 ; and that an explanation of the thera- 
peutic efficiency of these drugs based on a direct action on the parasites is 
excluded. 
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ON DRUG PROPHYLAXIS IN THERAPEUTIC MALARIA. 
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AND 
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Station de malariatherapie de Costiugeni, Romania. 


The earlier investigations of James and Shute, Yorke and Macfie, 
SWELLENGREBEL and DE BucK* have shown that neither quinine nor atebrin is 
able to prevent infection after the bites of experimentally infected mosquitoes 
if the quantity of drug administered is not as great as the recognized therapeutic 

*Quart. Bull. Hlth. Org.L.o.N., 1933, 2, No. 2. 
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dose and if it is not continued for at least 10 days after the exposure to infection, 
as Yorke and Macfie have shown in the case of quinine. Experiments carried 
out in the same manner with plasmoquine have shown that the efficiency of this 
drug as a preventive agent depends on the dose (which for practical purposes is 
too near the toxic limit) and on the continuance of the treatment for at least 
8 days after exposure to infection. 

The experiments made with atebrin (0-3 gramme a day for an adult) have 
demonstrated the failure of this drug to act as a preventive agent when adminis- 
tered for 5 to 8 days after exposure to infection. The treatment however gives 
a latent character to the infection which does not become evident till after a 
very long incubation period. 

The varying results obtained by different observers seem to be due to the 
action of the drug on the asexually reproducing forms and not to its action on 
the sporozoite. Actually our own observations on the infectivity of blood 
during the incubation period of malignant tertian malaria resulting from the 
intravenous injection of sporozoites has shown that an interval of 5 days occurs 
before the schizogonic forms invade the blood. Thus all prophylactic treatment 
continued beyond the 5 days is directed against these schizogonic forms of the 
parasite which are well known to be susceptible to the action of schizonticides. 

The term medico-curative prophylaxis given by Sergent to this type of 
drug prophylaxis is quite logical. 

It is probable that the development of the forms intermediate between the 
sporozoites inoculated and the asexual forms in the blood occurs gradually. 
This would explain the negative results, as regards prophylaxis, always obtained 
when the administration of the drug is stopped before this development is com- 
plete and the positive results of Yorke and Macfie who gave quinine in thera- 
peutic doses during the first 10 days of the experimental exposure to infection 
with benign tertian malaria. 

The observations to be considered in this paper have to do with forty-five 
individuals infected with either our strain of Plasmodium falciparum (T.M.78) 
or our strain of P. vivax (T.B.H.). The infection of the patients, who on account 
of their mental condition rvere in need of malaria therapy, was brought about 
in most cases by the bites of experimentally infected mosquitoes. A certain 
number were infected by the intravenous injection of virulent blood. On the 
day preceding the inoculation and on the 10 following da3's the patients received 
either 0-3 gramme of atebrin or TO gramme of quinine hydrochloride. Controls 
were left untreated. The experiments were continued over a period of more 
than 12 months. 

The results obtained are given in the table. 

It appears from these results that of twelve persons, exposed to infection 
with the parasite of malignant tertian malaria and submitted to prophylactic 
doses of atebrin over a period of 11 daj's, not one became infected ; while of 



M. Ciua'\. L. RALUF 5 M. CIIELARESCU, M. ISANOS AND L. GLASER. 


248 


fourteen, similarly exposed to the infection and given prophylactic quinine for 
the same period, one alone gave any evidence of infection and then only by 
showing parasites without any fever after an incubation period of 46 days. Of 
five controls, exposed to infection but untreated, three acquired a definite infection 
with both fever and parasites while two became merel}' carriers of the parasites. 


Table. 
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IM = mosquito bite : B = injection of virulent blood : A = atebrin 0-3 gramme : 

Q = quinine hydrochloride 1-0 gramme; M.T. = P. falciparum : B.T. = P. vivax. 

In the case of benign tertian malaria the results with atebrin were even 
better than with quinine. Of four patients treated with atebrin no case of 
infection 'occurred, while of three treated with quinine one became infected. 
Of the seven benign tertian cases left untreated as controls three showed 
parasites and developed fever, three showed parasites alone, while one proved 
immune. 
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Conclusions. 

Our observations confirm the results obtained by other observers who have 
given prophylactic treatment for at least 10 days after exposure to infection. 
In spite of the small number of cases in our series it seems justifiable to conclude 
that atebrin gives more constant protection than quinine. 

The prophylactic action of the drugs on P. falcipartm infections seems 
to be more constant than on P. vivax infections. 

These results are in agreement with the known facts regarding prophylactic 
treatment systematically carried out in malarial districts where the two parasites 
are responsible for natural infections. 

The prevention of infection by a prophylactic treatment of 1 1 days, compared 
with our previous results obtained by a prolonged treatment during the incubation 
of malignant tertian malaria and the negative results of other observers who did 
not go beyond an 8-day course of prophylaxis, is an indication — it seems to us 
— that the therapeutic action is upon the schizogonic forms of the parasite and 
not upon the sporozoites or any intermediate stages. We mention in support 
of this hypothesis our observations on the lack of infectivity of the blood 
during the first 5 days of the incubation period of malignant tertian malaria. 
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FURTHER LIGHT ON THE “ YAWS-SYPHILIS ” PROBLEM. 

BY 

H. D. CHAMBERS, M.B., Ch.B. 

Medical Officer, Jamaica, British Indies. 


Reciprocal Immunity. 

The fact that yaws is a disease of hot damp rural districts whilst syphilis is 
usually more prevalent in urban communities, seems, in a measure, responsible 
for the two diseases being often considered differing manifestations of the same 
disease. Some investigators, however, while maintaining that the diseases are 
distinct, hold that they are mutually exclusive ; that yaws confers an immunity 
to syphilis and vice versa. Cases A and B hereunder seem to suggest that if 
an immunity is conferred against syphilis by the acquisition of yaws, this 
immumty is not absolute ; mothers who have had yaws may give birth to 
sj-philitic children several years aftenvards without themselves ever having 
shown signs of infection with syphilis. Hanschell (1928) mentions a case in 
which a person contracted syphilis 9 years after an attack of yaws and when the 
Massermann reaction was still strongly positive. It is to be noted in Case A 
that the mother gave birth to a syphilitic child (which was preceded by an 
abortion) 10 years after she had yaws. 

The criticism that may be applied to most cases reported in the literature of 
mfection with syphilis subsequent to infection Mth yaws is that the degree of 
immunity possible, whether to yaws or to syphilis, had not developed in the 
time elapsing between infection with yaws and the contraction of syphilis. This 
cnticism hardly seems to apply to Case A or to that reported by Hanschell 
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Regarding the immunity to yaws, conferred by syphilis, Turner (1936) 
states that syphilis confers an immunity to yaws which is as great as, if not 
greater than, that conferred by yaws itself. He previously pointed out that 
within the first 3 years after infection with yaws, re-inoculation with heterologous 
strains of yaws spirochaetes may give rise to a modified or abortive attacks of- 
yaws, but that after a period of 10 years the majority of yaws-infected persons 
are refractory to re-inoculation. 

In the following two cases a previous infection with yaws did not prevent 
two mothers from giving birth to children with signs of congenital syphilis. It 
is worthy of note that it was evidence of syphilis in the children which first led 
to the suspicion that the mothers had been infected with syphilis. These cases 
were seen in rural parts of Jamaica, where the incidence of syphilis is negligible. 

Yaws Not Hereditary. 

It is generally accepted that yaws is not hereditary. On this point most 
writers seem to agree — Rogers and Meg.aw (1930), Hermans (1931) who also 
quotes Baermann and Hallenberger (1916), Stannus (1935) who also quotes 
Martlett (1933), Moss and Bigelow (1922), Maxwell (1839). Wherever 
doubt has been thrown upon the non-hereditary nature of yaws, the source of 
information has been found to come from districts where there were cases of 
both yaws and syphilis, and with insufficient proof that the disease transmitted 
was yaws and not syphilis. On the other hand, in areas where syphilis is said to 
be unknown, observers in Jamaica and elsewhere seem all to agree that yaws is 
not hereditary. (Stannus, 1935, quotes Vigoni and Purcell on this point.) 

Yaws, also, does not give rise to any congenital stigmata corresponding to 
Hutchinsonian teeth, bossing of frontal bones, iritis, etc. In a total of over 
6,500 histories and examinations of yaws cases investigated, among parents and 
children in rural parts of Jamaica, no case met with has given any real evidence 
that yaws gives rise to congenital lesions or stigmata. Cases A and B are the 
only two instances met with that would have thrown doubt on this statement. 
Physical examinations and blood tests of six infants, born to mothers who 
received no form of treatment for yaws lesions present during the period- of 
gestation, were quite negative. Two of the children were born within 2 years 
and 5 years respectively of the mothers’ infection. With the other four children 
a very much longer time had elapsed between the dates of the original infection 
of the mothers and the relapsing lesions which were present shortly before the 
birth of the children. In Case C hereunder, the mother became infected with 
yaws in the later months of her pregnancy. The disease process remained 
active for the rest of the pregnancy and after the birth of the child. Nevertheless, 
a healthy, alert child was born with neither stigmata nor signs of yaws and with 
negative serological (Wassermann reaction) findings. 
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CASE A. 

G.TT^, mother, 29 years of age ; bom April, 190S ; seen 7.4.37, 

History. — She gave a histon' of j-aws infection at P years of age — 1917. The primary 
lesion was on the left leg. A fine scar is still visible at the site. This lesion was followed 
shortly by a secondary eruption. She received no specific treatment for the infection. I 

Pregnancies, ete. — In September, 1925, when 17 years old, she met " X ” a man between 
30 and 40 years of age with whom she began to consort. This man was her first lover, 
she stated. In October, 1925, 1 month later, she had a profuse leucorrhoeal vaginal 
discharge, but did not notice any abrasions or sores on the genitalia or other parts of the 
body. In December, 1925, 3 months later, she noticed an eruption on her thighs and legs. 
The eruption she described was of the nature of tiny bumps, some being quite small while 
others grew larger ; a few broke down into small sores. I'he latter lesions were some time 
in healing, and left fine scars which she was able to point out. She did not seek medical 
treatment for the lesions. They were quite gone before March, 1923 (7 months after she 
began to associate with “ X ”). Whether this eruption was due to infection with syphilis 
or yaws or some other skin condition, the main issue, i.e., a mother giving birth to a 
syphilitic child 10 years after infection with yaws, remains unchanged. 

She became pregnant for “ X ” in March, 1923, but in May, 1923, aborted. In 
September, 1923, she was again pregnant and gave birth on 31st May, 1927, to HaKcl, 
a sj’philitic child, whose history is stated below. There were no further abortions or 
miscarriages, but three other children were bom on 15th June, 1928 ; 2Sth Jmmary, 1930, 
and 27th November, 1931, respectively. These last three children when seen in 1937, 
looked healthy and showed no stigmata of lues. No serological tests, however, were 
done. 

In 1936, C.W. developed an ulcer the size of a two*shilling piece over the right external 
malleolus, for which she received six intramuscular iiycctions of a bismuth preparation, 
in January and February, 1936. The ulcer did not heal until August, 1933, and that 
following a change in local treatment. The ulcer recurrt'd in November, 1933. It was 
still present in April, 1937, but Wassermann reaction tests before and after a provocative 
injection of neo-arsphenamine were then negative. 

When questioned as to the abortion, she admitted having had a slight fall shortly 
before, but asserted that more severe falls had occurred during other pregnancies without 
mishap. 

On physical examination, C.W. had an ulcer over the right external malleolus which 
showed some response to a few injections of bismuth salicylate intramuscularly. There 
was a typical scar over the alleged site of the primary yaws lesion. Other fine scars, 
already referred to, were on thighs and legs. There was also a firm contracted scar over the 
left tendo-achilles, seemingly the result of an infected blister she had when 7 years old. 
There were no other abnormal findings, nor were there any in the cardiovascular and 
nerv’ous systems. 

“ X” — Father of children mentioned above. 

History : (As obtained from C.W,). — “ X ” arrived from a part of the island whert; there 
is no yaws and took up residence in the district where C.W. lived.- Before and after his 
first association with C.W., he used "to make frequent trips to the city of Kingston (a 
seaport) to sell provisions. According to his paramour (C.W.) he would not be above 
consorting with other women on his trips to the city. He had a former paramour and was 
also in close association with another woman while she was his panimour. 

“ X ” died in February, 1931, after an illness lasting 6 months. He first complained, 
C.W. stated, of a pain as if being pierced by a needle in one knee, and later complained 
of abdominal pains. Before he died he had to be lifted on and off his bed. She was 
able to throw no further light on his previous history. 

Hazel. — Female, 10 years of age ; horn 31st May, 1927 ; tveight 52 lb. 

Complaint. — Child is backward at school and not thriving. 

Previous History. — Conjunctivitis at birth. Had “ snuffles ” when 1 month old. 
The mother experienced much difficulty in getting her to feed at the breast. Smiffiing 
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improved when the child was 2 years old. Had an injury to her right elbow as a baby. 
No previous history of yaws or of skin lesions suggestive of the disease. She had chicken- 
pox in March, 1937. No other illnesses of note, but has never been strong, alert or bright, 
her mother claims. 

Physical Examination. — General condition : Undersized for age. Looks dull. Is 
mentally slow. 

Skull bones ; Slight bossing of frontal bones. 

Eyes : Right comeal opacity. Is unable to see at all from this eye. Left : Pupils 
circular, equal, react to light and accommodation. No iritis. 

Teeth : Typical Hutchinsonian teeth, upper and lower central incisors. 

Nose : Bridge of nose seems rather depressed even for a negro child. 

Mouth and pharynx, skin and mucous membranes, long bones, nervous system : No 
abnormal physical findings. 

Heart : Apex within mid-clavicular line ; sounds regular, pure, not accentuated. 

Serology : Wassermann reaction 4-4. 

Response to Treatment : After one course of bismuth salicylate and one of neo- 
arsphenamine the patient looked definitely brighter and more alert. 

Note. — A period of 10 years had elapsed between the mother’s infection with yaws 
(1917) and the birth of the child (1927). The chances of the mother transmitting yaws 
to her child after such a period must be considered remote even if the disease were 
hereditary. She had received no treatment during that time which could have interfered 
with the course of the disease or the development of immunity ; but between September, 
1925, and the birth of the child in 1927, it does appear that the mother was exposed to 
infection not only with gonorrhoea but also with syphilis. It is suggested, after weighing 
the available evidence, that she had yaws in 1917, gonorrhoea in 1925 and syphilis in 1925 
or 1926. The short course of bismuth therapy which the mother received in 1936 and lapse 
of time may have contributed to, if they were not fully responsible for, the negative serological 
findings in 1937. 


CASES. 

D.H., mother, 17 years of age ; seen September and November, 1936; also March and April 
1937. 

History. — She gave a history of a first attack of yaws in 1934 when 15 years of age. 
The initial lesion occurred on the left internal malleolus. This was followed by secondary 
macular lesions on face and extremities ; later by secondary plantar lesions. She received 
a few intramuscular injections for the lesions in 1934. Then, in February and March, 1935, 
and again at the beginning of 1936, she received further intramuscular injections for relapsing 
plantar lesions. The lesions recurred, however, in July, 1936. When she was seen 
in September, 1936, there were non-ulcerative plantar lesions of yaws on both soles and 
one ulcerative plantar yaws papule. For these she received no further treatment. She 
was visited in November, 1936, when the plantar papule was found to be healed, although 
the non-ulcerative plantar lesions were still present. 

She admitted that sexual intercourse took place for the first time in July, 1935, when 
she was 16 years of age, with a young man 18 years old. Pregnancy resulted and there was 
a miscarriage in the fourth month of her pregnancy, but there was no history of skin 
rashes or genital lesions of any kind. 

In February, 1936, she met U.V. (whose history is given hereunder) and had sexual 
intercourse with him. He was her second consort. She became pregnant for this man 
in March, 1936. She gave no history of a vaginal discharge or of sldn rashes or evident 
abrasions on the genitalia following intercourse with U.V., with the exception of the plantar 
lesions of yaws already mentioned as recurring in July, 1936. 

She gave birth to a boy on 26th December, 1937. Three months later mother and child 
were seen. The non-ulcerative lesions on the mother’s feet were just about clear. There 
were no definite stigmata to be observed on the child but he was thin and puny and evidently 
not thriving. In addition, the Wassermann reaction of the child’s blood was strongly 
positive. 
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U.V., father of child ; aged 35 years ; seen 5th April, 1937. 

History (as given by himself). — He had lived from babyhood until September, 1928, 
in a rural district where the disease of yaws is unknown. In September, 1928, he went 
to Kingston, a seaport city, and remained there until August, 1930, He came to reside 
in his present district, where D.H. lived, in 1930. He had lived with a former paramour 
between June, 1931, and June, 1933, when they parted. He had one attack of gonorrhoea 
in 1931 and another in 1932. In November, 1935, he noticed a small penile sore which 
grew to the size of a shilling piece. This lesion was not completely healed, in spite of 
constant dressings, until March, 1936. He did not, however, place any serious import 
on the lesion and did not seek medical attention. He first consorted with D.H. on the 
22nd of February, 1936. He stated he never had yaws or injection treatment. 

Physical Examination. — U.V. is an intelligent man, well built and well nourished. 
A fine circular scar, about the size of a shilling piece, was just perceptible on his prepuce 
(antero-laterally towards the right). 

All other physical findings appeared to be normal. 

Discussion. 

Some degree of immunity may have developed in the mothers of the two 
syphilitic children to account for the absence of symptoms and signs of the 
disease in the mothers. It is well known, however, that the birth of a syphilitic 
child may be the very first reason for suspecting a mother to have been previously 
infected with syphilis. The writer has seen a case with Hutchinsonian teeth, 
bossing of frontal bones and involvement of the eighth nerve, leading to deafness, 
in a girl child born to a woman whose only sign of having had syphilis was a 
positive Wassermann reaction. This woman gave no previous history of yaws 
and she neVer suspected that she had ever had syphilis. 

It is likely that there may be some degree of reciprocal immunity between 
yaws and syphilis since both diseases produce the same types of serological 
reaction and consequently should stimulate similar defence mechanisms in the 
body. Any lesions, however, which may occur several years after infection with 
yaws and which can be simulated by syphilis in its protean manifestations, 
could only be ascribed to yaws after a meticulously careful history has been taken 
to exclude subsequent exposure and possible infection with syphilis and the 
possibility of late manifestations of hereditary syphilis. 

CASE C. 

B., mother, 21 years of age ; seen October and November, 1936, and in March and May, 
1937. 

History. — She gave no history suggestive of yaws or of syphilis prior to 1936. She 
became infected with yaws in an injury on the right thumb in August, 1936. The source 
of infection was, apparently, her little boy who had caught yaws from children in a 
neighbouring home and whose lesions the mother would bathe each morning. 

She was then 5 months pregnant. When seen in October, 1936 (7th month of 
pregnancy) the mother had five typical framboesiform lesions on her face with others 
on the neck and upper chest (dark field positive to Spirochaeta pertenue). The primary 
lesion had healed over. There were no other lesions evident, nor were there any on the 
palms and soles of the feet. She received an intramuscular injection of bismuth salicylate 
(3 c.c. of a 10 per cent, solution in olive oil) in October but did not attend for further 
treatment. 
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She was visited in November, 1936, but given no further treatment. Most of the 
lesions were much improved and covered with dried crusts which were being shed. A 
papule situated on the upper lip, at the vestibule of the nares, did not, however, seem to be 
receding. 

A well developed male infant was born on loth December, 1936. 

Another and child were again visited towards the end of March, 1937. On examina- 
tion the papule on the mother’s lip had become a typical framboesioma 1 inch in diameter ; 
the soles of her feet were almost covered with the typical epidermal hyperkeratosis and 
stripping of non-ulcerative plantar yaws ; in addition there were a few fissures on the 
soles of her feet, a condition not infrequently found accompanying plantar lesions in yaws 
and which is considered infectious. The infection must, therefore, be considered to have 
retained its activity throughout the later months of the pregnancy and subsequent to the 
birth of the child. (The spread of the disease to the soles of the feet is considered to have 
taken place haematogenously). However, the infant looked healthy, well nourished and 
bright. On examination no stigmata, skin or bone lesions were found. In addition, 
the Wassermann reaction of his blood was negative. When it was mentioned to the mother 
that it was a wonder she had not already infected her infant with yaws from the lesion 
on her lip, she replied that she was careful and never kissed the baby. 

The husband, who was also seen in November, 1936, was found to be infected with 
yaws. His primary lesion occurred in an injury on the extensor aspect of his left elbow 
which he received in September, 1936. He gave no history suggestive of an infection with 
yaws or syphilis before September, 1936. 
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Experiment. 

The following experiment was made with a strain of T. rhodesie7ise 
{T. rhodesieiise Kahama) which was being maintained in sheep by cyclical trans- 
mission by G. morsitans. An isolated infective fly, Fly BBIO, bit and infected 
Guineapig 338 on 29th December, 1935, and from this guineapig the infection 
was transmitted through two parallel series of guineapigs, in one series by 
G. morsitans and in the other series by inoculations with a syringe. The scheme 
is shown on p. 253 ; following a method used by Duke the passages by flies are 
shown by double lines, and those by inoculations with a syringe by single lines. 

An attempt to transmit the strain by G. morsitans from Guineapig 396 failed 
but it succeeded from Guineapigs 397 and 403. 

The following inoculations into rats and mice were made : five rats 
(No. 1911) from Guineapig 393 and ten mice (No. 42) from Guineapig 402, of 
the series of transmissions by flies ; five rats (No. 1912) from Guineapig 396 
and ten mice (No. 41) from Guineapig 403, of the series of transmissions by 
the syringe before the trypanosomes of this series were transmitted by flies ; 
five rats (No. 1940) from Guineapig 408 and ten mice (No. 43) from Guineapig 
414, these two guineapigs having been infected by flies from Guineapigs 397 and 
403 respectively. 

Until towards the end of 1936, when an epidemic occurred, there was 
evidence from the length of life of the guineapigs and from the numbers of 
trypanosomes in their blood, that the trypanosomes in the series infected by 
G. morsitans were less virulent for guineapigs than those of the series infected 
by the syringe. Guineapigs 338, 345, 360 and 377 lived for 107, 119, 132 and 
150 days respectively, while Guineapigs 346, 358, 361, 368, 376, 382 and 383 
lived for 124, 80, 84, 47, 62, 54 and 42 days respectively. This evidence was 
strengthened by comparing the duration of life, after inoculation, of Rats 1911 
with that of Rats 1912, and of Mice 42 with that of Mice 41. In order to see 
whether cyclical passage had reduced this acquired virulence the duration of 
life of Rats 1940 was compared with that of Rats 1912 and that of Mice 43 with 
that of Mice 41. These figures are shown together with the incubation periods 
in the following table. 



Incubation Period. 

Duration of Life in Days. 

Rats 1911 

7, 8, 8, 8, 8 

57, 67, 82, 84, 90 

„ 1912 

5, 6, 6, 6, 6 

22, 23, 25, 28, 61 

„ 1940 

5, 5, 5, 5, 6 

13, 16, 18, 22, 32 

Mice 42 

4, 5, 5, 5, 5, 6, 5, 6, 6, 6 

7, 12, 51, 61, 67, 72, 74, 76, 87, 96 

41 

4, 4, 4, 4, 4, 4, 4, 4, 4, 4 

9, 21, 28, 29, 29, 34, 39, 47, 48, 54 

43 

4. 4, 4, 5, 5. 5, 5, 5, 5, 5 

7, 8, 8, 22, 22, 22, 25, 29, 31, 32 







J. F. CORSON. 


253 




TK YPANOSOMA nUODKSIHNSH. 


'IM 

It appears that increased virulence for rats and mice developed in the 
series of guincapigs which were infected by inoculations with’ the syringe 'and 
that this increase was at least not diminished by passage through G. inorsitaus. 
'J'he rats weighed from 60 to SO grammes and the mice weighed about 20 grammes. 

' SUMMAUY AND CoMMKNTS. 

An experiment was made to compare the virulence of a strain of T. rhode- 
sieme in two scries of guincapigs, the infection being maintained in one series 
by cyclical transmissions by G. morsiiam and in the other series by inoculations 
with a syringe. It was found that the virulence had increased in the latter series 
and apparently not in the former. This was confirmed by subinoculations into 
rats and mice. It was also found that this increased virulence was not again 
decreased by .passage through G. inorsitaus. 

Very little is known of the factors concerned with the development of 
trypanosomes in tsetse flics, and of the influences of the tissues and body fluids 
of flics and vertebrates on the trypanosomes. Robertson (1929) in an account 
of experiments with Bodo catidaius, discussed the questions of selection, mutation 
and the heterogeneous composition of strains of trypanosomes. Plausible 
explanations of the variations in the results of transmission experiments could 
be based on such considerations. More work with infections by single trypano- 
somes seems to be needed. 
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MURINE TYPHUS IN EGYPT. 

by 

D. RIDING, M.D., M.R^p.P., 

Deputy Director, Public Health Laboratories, Cairo, Egypt. 


Introduction. 

In a previous paper (Riding, 1935) the writer gave his results, all negative, 
of an attempt to isolate a murine strain of the typhus virus from wild rats and 
mice in Eg}’pt. The examination of wild rats has been continued, principally 
because Priest (1935) and others have recently reported sporadic cases clinically 
resembling endemic typhus among patients in Egypt. 

During hlarch and April, 1936, a further series of 54 wild rats captured in 
the \Tllage of Saft el-Melouk, Ityai el-Baroud Markaz, Behera Province, where 
cases of mild typhus were occurring, were examined in the Central Laboratories, 
Cairo. On 25th April, 1936, a strain of the murine typhus virus was isolated. 

Examination of the Wild Rats. 

The rats consisted of : Rattiis rattm, twenty-six ; RatUis vorvegictis, twenty- 
seven ; Acomys cahirinus, one. 

On arrival at the Central Laboratories, Cairo, the rats were killed with ether, 
heart blood was taken for blood culture and Weil-Felix test, the brain removed 
for guineapig inoculation, and a general postmortem examination carried out. 
No gross pathological lesions were noted in any of the rats. The heart blood 
cultures all remained sterile after 2 weeks incubation at 37° C. with the exception 
of one specimen from Rat 4 {R. norvegicus) in which a bacillus of the Haemophilus 
group was isolated. „ 

Examination failed to reveal any infection of the rats with Spirillum morsus 
muris or Leptospira icterohaemoirhagiae. 

Agglutination tests were carried out with the sera of the rats against suspen- 
sions of Proteus 0X19, 0X2, and O Kingsbury, but in no case was a positive 
agglutination obtained in a dilution of 1 in 50 or over. It must be stated, 
however, that the Weil-Felix tests were carried out with Bacillus proteus suspen- 
sions prepared by the method of Bridges (1935) in order to obtain uniformity 
in the results. Unfortunately these concentrated alcoholized suspensions have 
only about 50 per cent, of the sensitiveness of living cultures. 
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The guineapig tests were carried out by pooling the brains of three or four 
rats, emulsifying these in normal saline solution, and injecting a quantity of the 
brain emulsion intraperitoneally into three guineapigs. By this means too many 
guineapigs were not sacrificed, and the occasional accidental death among the 
inoculated guineapigs did not destroy the experiment. 
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Temperature Reaction Records. 


Three guineapigs inoculated on 14.4.36 with the pooled brain emulsion of 
Rats 45, 46, 47 and 48 became infected with typhus. These rats were captured 
in two houses on 13.4.36 and it is interesting to note that a case of typhus was 
notified from one house on 24.1.36 and another case from the other house on 
12.2.36. 










Endothelial cell from tunica vaginalis of a guineapig. X 1200. 

8th day after infection with murine typhus, showing very many rickettsia some of which 

are escaping from the cell. 


Photograph by Dr. Basili Farag. 
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Experimental Typhus in the Guineapigs. 

All three guineapigs inoculated intraperitoneally with the pooled brain 
emulsion of Rats 45, 46, 47 and 48 developed a well-marked febrile reaction, and 
a ver}'^ definite Neill-Mooser scrotal reaction. 

By using normal saline emulsions of the brains of infected guineapigs it has 
been possible to passage the virus twelve times up to date, between 26.4.36 and 
15.8.36. Two guineapigs were used for each virus passage, one to supply the 
infected brain for passage, and the other to act as a control of the temperature 
and scrotal reactions. 

The chart shows the temperature reaction records for the second, third, 
fourth and fifth virus passage. It will be noted that there is a well-marked rise 
of temperature after an incubation period of 5 to 7 days, and a period of fever 
of the saddle-back type of about 5 to 6 days. 

The scrotal reaction was a very constant phenomenon in all the infected 
guineapigs, consisting of a very characteristic reddening and swelling of the 
scrotum appearing about the 5th day and persisting till the 12th day after 
inoculation. Dissection of the scrotum between the 8th and 12th day after 
inoculation showed marked congestion and fibrino-purulent exudation of the 
parietal portion of the tunica vaginalis, congestion only of the visceral portion 
of the tunica vaginalis, and great oedema of and occasional haemorrhage into 
the head of the epididymis. 

In the guineapigs inoculated intraperitoneally with the brain emulsion from 
Rats 45, 46, 47 and 48 rickettsia were readily found in Giemsa-stained smears 
of the tunica vaginalis, but in all the passage guineapigs great difficulty has been 
experienced in finding them and then only occasionally. (See Plate.) 

Tissue Cultures of the Rickettsia. 

As rickettsia were only occasionally found in very small numbers in smears 
of the tunica vaginalis of the passage guineapigs an attempt was made to cultivate 
them in tissue culture. 

The method of cultivation recommended by Aschner and Kligler (1936) 
was closely followed with the exception that glass stoppered Erlenmeyer flasks 
of 50 c.c. capacity were used to hold the Tyrode-guineapig serum solution 
instead of flasks of 25 c.c. capacity. After inoculation with the tissue the flasks 
were carefully stoppered, sealed with paraffin wax, and incubated at 35° C. 
instead of 30° C. 

Successful cultures were obtained in 80 per cent, of the flasks after 8 to 
10 days’ incubation. 

Experimental Typhus in Rabbits. 

Rabbits inoculated intraperitoneally with either brain emulsion or saline 
washings of the tunica vaginalis of infected guineapigs although apparently ill 
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showed no definite febrile reaction. The serum of these rabbits gave an agglu- 
tination of a Proteus X19 O suspension obtained from the Standards I.aboratory 
of the Medical Research Council (Oxford) and of a live OX 19 suspension in a 
dilution of 1 in 125 on the 14th day after inoculation. The titre of the serum 
did not rise by the 21st or 28th day, but in most cases was less on these days. 
No agglutination in a titre of 1 in 50 or over was present prior to inoculation. 

Experimental Typhus in White Rats. 

The intraperitoneal injection of white rats with either brain emulsion or 
scrotal washings from infected guineapigs failed to produce any temperature 
reaction, tunica vaginalis involvement, or production of serum agglutinins for 
B. proteus OX 19 in these animals. Actual infection of the white rats was proved 
however by the inoculation of their brain emulsion into guineapigs. 

Summary. 

1. A strain of the murine typhus virus has been isolated from wild rats 
captured in an Egyptian village. 

2. The virus has been passaged twelve times up to date through guineapigs, 
and has produced consistent febrile and Neill-Mooser scrotal reactions in these 
animals. 

3. Rickettsia have been grown from the tunica vaginalis of infected guinea- 
pigs in tissue cultures. 

4. Rabbits inoculated with the virus have produced serum agglutinins for 
Bacillus proteus 0X19. 

5. Inoculation of white rats with the virus failed to produce any detectable 
effect, although actual infection was proved by inoculating rat brain emulsion 
into guineapigs. 


REFERENCES. 


Aschner, M. & Kligler, I. J. (1936). Brit.J. exp. Path., 17 (3), 173-178. 
Bridges, R. F. 11935). J. R. Anny med. Cps., 64 (3), 153-162. 

Priest, R. (1935). Ibid., 65 (1), 9-14. 

Riding, D. (1935). J. Egypt. Med. Ass., 18 (3), 147-160. 



259 


CORRESPONDENCE. 

BEJEL. 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 
Sm, 

With reference to the paper by my friend, Ellis H. Hudson, on “ Bejel — 
the endemic syphilis of the Euphrates Arab,”* may I contribute a few remarks. 

In Kuwait and its outlying desert, the word “ bejel,” so far as I have been 
able to determine, is unknown. Our Bedouin, however, use the word “belesh ” 
in much the same way as the Euphrates Arabs use “ bejel.” They are not always 
sure of their own diagnosis and I am frequently asked to give my opinion as to 
whether a lesion or eruption is belesh or not. I had been in Kuwait some years 
before I made up my mind that when the Bedou spoke of belesh, he was using 
the desert name for syphilis. The word “ belesh ” is never used by the people 
of the city of Kuwait, who call the disease “ farinji,” as on the Euphrates. 

Among the Bedouin the initial chancre is rare. As on the Euphrates, the 
disease usually begins in the mouth. 

Hudson states : ” General adenopathy is characteristic of bejel.” These 
adenopathies among the Bedouin attracted my attention from the very com- 
mencement of my residence in Kuwait. I was told that they were tubercular 
and inasmuch as tuberculosis is extremely prevalent in the city of Kuwait, I 
decided that tuberculosis in the desert expressed itself in adenopathy and bone 
disease, rather than in pulmonary manifestations, for pulmonar)’^ tuberculosis is 
rare in our desert. But many of these patients were not particularly ill. They 
came with greatly enlarged cervical glands and apparently nothing else and asked 
to be treated. Many of them said they had belesh. 

It is about 17 years since I began to use bismuth in these cases and in the 
treatment of belesh generally, and I have never turned back. The results are 
very encouraging. It would be most instructive to do some careful research 
work on these adenopathies so that we could positively rule out, or rule in, 
tuberculosis. It is quite likely that the two diseases frequently exist together in 
the same patient, and it is possible too that bismuth is of value in the treatment 
of tuberculosis. 

Of the efficacy of bismuth in the treatment of belesh there is no longer the 
least doubt. For the past 8 years we have been giving 6,000 to 8,000 injections 
yearly in the American Hospital at Kuwait, in the treatment of belesh and also 
in the ordinary course of our syphilitic work. The injections have become more 
than popular and the people frequently ask for them. Our preference in Kuwait 
is for one injection every 5 to 7 days, rather than a small injection every day, 
although in selected instances we do follow the latter method. It multiplies 
work very greatly for the staff to give daily injections. Our usual course for an 

* Tram . R . Soc . trap . Med . & Hyg . (1937), 31. 
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adult man is four to six injections of 2 grains at each injection — the course to 
be repeated if necessary, and if possible with the elusive Bedou. Our people 
have now come to realize that our standard course is four to six injections and 
on. the whole give us fair allegiance. It is not suggested for a moment that all 
patients undergo the full course — all too many drop out after one or two injec- 
tions, either because of severe after-effects, for one gets an occasional troublesome 
stomatitis ; or because no apparent improvement resulted ; or it was too incon- 
venient to come so far ; or . . . or . . . or . . . However, in Arabia, as elsewhere, 
one has to strive for an ideal. 

As to the best preparation of bismuth to use, I have long since decided that 
sobita (Howards), or sodium bismuth tartrate, is the preparation of choice for 
our kind of work. It is so cheap that the cost is negligible. When I first began 
using it in simple aqueous solution I was greatly troubled by the amount of 
pain which so frequently followed injection. We now give it in a solution of 
50 per cent, glycerine in distilled water, sterilizing the solution in glazed porcelain 
casserole dishes. The use of glycerine very largely eliminates the problem of 
pain subsequent to the injection. The injections are always made into the 
gluteus muscle, unless there are special reasons for using the deltoid. The 
patient should always be advised to rest for 24 hours after the injection, if 
possible. It is a fact which we have noted again and again, that patients in the 
wards never have any pain worth mentioning following injection. 

I am, etc., 

Kuwait, Arabia. C. S. G. Mylrea. 


TRYPANOSOMES IN BAT AND MARMOT. 


To the Editor, Tr.ansactions of the Royal Society of Tropical Medicine and 
Sm, 

While visiting Berkeley, California, I had the opportunity of finding bats,' 
Antrozous pallidas pacificus, infected with haemoflagellates. Parasites were 
found by fresh blood examination in two out of eight bats collected in a barn 
at Pinole, Contra Costa County, California. The trypanosome forms are 
morphologically similar to those of Schizotrypanum criizi and were scanty in the 
peripheral blood. The material was obtained through the courtesy of 
Dr. Harold Kirby, Jnr., of the Department of Zoology, University of California. 

As far as I know, trypanosomes of bats have not yet been reported in 
North America. 

At Hamilton, Montana, while working at the Rocky Alountain Laboratory, 
a trypanosome resembling Trypanosoma lewisi was found in one out of four 
woodchucks [Marmota fiaviveiitris nosophord) examined. 

I am, etc., 

Institiito Oswaldo Cruz, Emmanuel Di.as. 

Rio de Janeiro, Brazil. 
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THE FRESHWATER BIOLOGICAL ASSOCIATION OF THE 

BRITISH EMPIRE. 

The general purpose of the Freshwater Biological Association is to investi- 
gate any side of freshwater biology, pure and applied. The English Lake 
District has been selected because it is an area in which one may find a great 
number of types of water, large and small, still and running, distributed over a 
considerable range of altitude. Work began at the end of 1931 and has been 
concentrated upon Windermere and streams that run into it. The Association’s 
general plan is to have a group of people working in co-ordination upon the 
chemistry and physics of the Avater, the living things which occur in it, and 
the changes which follow drought, floods, or the progress of the seasons. At 
the present moment the team consists of an entomologist, principally occupied 
in determining insect larvae, an algologist, an investigator on salmon fry, and a 
worker on the animal plankton and the chemistry of the Avater. A Director has 
been very recently appointed, and he hopes later to carry out investigations on 
fish, a subject on AA^hich he has special knoAvledge. 

It is thought that such Avork as this has considerable value to the Royal 
Society of Tropical Medicine and Hygiene. Could Ave understand clearly Avhy 
certain species of Anopheles breed in certain Avaters it would effect an economy 
in sanitary measures and Ave might be able to produce some small but critical 
alteration in the types of water. This idea is not by any means new, indeed it 
has already been fruitful of results up to a point. But it is difficult for the 
isolated Avorker in the tropics to tackle so Avide a problem. Perhaps the Fresh- 
water Biological Association, with a library and a group of men concentrating 
their attention on one area, may hope to explain some of the causes of the 
abundance of organisms ; in so doing they would make a substantial contribution 
tOAvards our understanding of Anopheles. It AAnll also be remembered but there are 
many creatures important in human parasitology Avhich pass a part of their life 
history in water and may be assumed to be limited by the factors prevailing in 
the water. 

The laboratory at Windermere is a meeting place which is frequently used 
by people Avho are not members of the Association’s staff. It may be of service 
to some member of our Society, anxious to expand his knowledge, improve his 
technique, or use the library. Any society making a contribution of £5 per 
annum to the Association’s funds is entitled to nominate a person who can make 
use of the laboratory for one month Avithout paying a bench fee. The Royal 
Society of Tropical Medicine and Hygiene has therefore voted a subscription 
of 3^5 for the current year. Any FelloAv wishing to avail himself of the facilities 
on Windermere should apply in the first instance to the Society at Manson 
House, 26, Portland Place, London, W.l. 
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LEGACY TO THE ROYAL SOCIETY OF TROPICAL MEDICINE AND 

HYGIENE. 

Dr. A. S. Burgess, formerly of the West African Medical Service, and a 
Fellow of the Society since 1913, died on 15th March, 1937, leaving estate of the 
gross value of ^^26,507, net personalty 

After a number of small legacies (totalling approximately ;£5,000) Dr. 
Burgess left the estate on trust for three persons during their lives. 

After the death of these three the whole residue is to be divided in equal 
shares between the Royal Society of Tropical Medicine and Hygiene and 
Caius College, Cambridge. 

Though it may be many years before the Society receives this legacy, it is 
gratifying to know that the position of the Society is being consolidated in this 
way. 

Gifts such as these go far to ensure the future usefulness of the Society, 
and it is hoped that others will follow Dr. Burgess’s example. 


OFFICERS OF THE SOCIETY. 

At the first meeting of the new Council, held at Manson House, on the 
1st July, 1937, appointments were made as follows : — 

Honorary Treasurer. 

Dr. Oswald Marriott was re-elected Hon. Treasurer for the ensuing two 
years. 

Honorary Secretaries. 

Dr. C. M. Wenyon and Dr. N. Hamilton Fairley were re-elected Hon. 
Secretaries for the ensuing two years. 

Local Secretaries 

Fifty-one Local Secretaries were re-elected for a further term of two years. 
The following new Local Secretaries were appointed, subject to their acceptance 
of the Council’s invitation : Dr. H. Jocelyn Smyly, North China ; Dr. N. 
Kamchorn, Siajn ; Dr. T. B. Gilchrist, Cape Province ; Lt.-Col. E. B. Marsh, 
Egypt ; Dr. G. S. Escoffery, Jamaica. 


CORRIGENDUM. 


Vol. 31, No. 1, June, 1937, p. 7, line 2. 
Babesia canis should read Babesia felis. 
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ADVANCES IN KNOWLEDGE OF MALARIA SINCE THE WAR. 

by 

S. P. JAMES. 


I think everyone interested in malaria will agree that the 20 years which 
have passed since the War were noteworthy first for the initiation and establish- 
ment of new and better arrangements for systematic research, second for some 
remarkable discoveries and additions to knowledge, third for a lively renewal 
of practical anti-malarial efforts in many parts of the world. My paper this 
evening is about these encouraging events which I believe have had the 
result of making the outlook for future success in the fight against malaria 
more hopeful than it has ever been. At any rate, it is more hopeful than it was 
20 years ago when, as we all know, faith in the efficacy of every prophylactic 
and therapeutic measure had fallen almost to zero. Everyone who had 
actually taken part in efforts to deal with malaria in different parts of the 
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world during the War came home with the uncomfortable feeling that we 
knew much less about the disease than we thought we did, and that it might 
be quite a good plan to sink our pride and to begin again, in all humility and 
with greater respect and reverence, to try to fathom some of its mysteries. 
Opportunities for this new beginning soon became available by the spread of 
the disease in eastern and western Europe and by arrangements for what may 
be called the internationalization of malaria research and control. The idea of 
making malaria Avork a matter of international as A\’'ell as of national concern 
had its origin in England in 1923 when various countries in Europe AA^ere 
beginning to recoA^er from the effects of post-War epidemics and AA'^ere trying 
to arrange for a continuous public health policy and a permanent medical and 
sanitary service for carrjdng it out. ■ An initial difficulty in creating and developing 
the service AA'as that the countries concerned AA'ere poA’^erty-stricken and A’^ery 
backAA^ard in matters of medical assistance and public health arrangements. 
Doctors AAffio had received a training in public health Avere feAv and far betAveen 
and there AA'as a great lack of subordinate personnel. Malaria AA'as everyAA'here 
prevalent and severe and it AA'as a question Avhether the public health policy 
should be based primarily on efforts to deal Avith this disease, or AA’hether primary 
attention should be given to general medical and public health requirements 
Avhich AA'ere equally of pressing importance. It AA'as the old question AA'hether 
malaria among poor illiterate people should be dealt AA'ith as an isolated problem 
separate from the general medical and public health problems of the country 
concerned. The situation Avas neAv to European e.\perience and it Avas thought 
that useful advice about it might perhaps be given by a group of AA'orkers Avho 
had had experience of similar conditions in the tropics. In May, 1923, a proposal 
to this effect Avas presented to the Health Committee of the League of Nations 
AA'hich had been asked by several of the affected countries to adA'ise them on the 
matter. The proposal Avas favourably received. The Health Committee 
appointed a small Malaria Sub-Committee, and later the Malaria Commission, 
AA'hich in 1924 undertook the collectiA'c enquiry that had been proposed. SeA’en- 
teen members from eleven countries took part in the tour and in each country 
and district visited, representatiA'es of the local administrative and medical 
staffs accompanied the Commission and took part in its discussions. Major 
Norman Lothian, Avho had previously given promise of a brilliant career in the 
Royal Army Medical Corps, Avas Secretary to the Commission during this tour 
and again during the next collective tour AA'hich Avas made in Palestine and part of 
Asia Minor in 1925. On this latter tour, the Commission had the advantage 
of the participation of an expert from the United States, namely, the late 
Dr. Samuel Darling, Avhose early AA'ork AA'ith General Gorgas during the 
construction of the Panama Canal is so aa'cII knoAvn. At the period of the tour 
in Palestine he Avas at the zenith of his poAvers as an expert adviser on anti- 
malarial Avork. Almost at the end of this tour an accident occurred in Avhich 
he and Lothian Avere killed. I had knoAvn and admired Darling since aa'c 
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Study Tours of the Malaria Commission. 

were together on the Panama Canal in 1911. His untimely death was a loss 
not only to the United States, but also to the world of research workers to which 
he belonged. 

Another collective study tour undertaken by members of the Commission 
in 1925 was to Spain and another to Sicily ; in later years there were tours to 
the United States, British India and other countries. I do not propose to say 
anything more about these collective study tours except to make the point that 
they were a new arrangement for the purpose of obtaining an impartial and 
authoritative pronouncement on measures for dealing with malaria in the light 
of existing knowledge and experience. They afforded an opportunity 
of ascertaining and comparing conditions in a number of countries. During 
the tours, observations made by individual members of the Commission 
were examined by other members and the results were discussed in full session 
by malariologists belonging to very varied schools of anti-malarial practice and 
opinion. These mutual discussions were the first occasion on which the 
collective thought of malariologists of different countries and different schools 
of teaching and practice were brought to bear on local malaria problems 
studied on the spot. They had the important result that individual views 
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becam,e modified to the extent that sometimes, at any rate, the Commission as 
a whole were able to agree on what might be the wisest course to pursue in 
particular circumstances when due consideration was given to administrative 
and social and economic as well as to technical difficulties. I say sometimes 
because, as you probably know, agreement was not always reached. In that 
case it was usually decided that no general report on the tour should be published. 
The photograph reproduced on the opposite page was taken at a meeting of the 
Commission when thirty-five malariologists from about twenty different countries 
were called together to discuss a report which, in the end, it was agreed not to 
publish. Thanks to the meetings of this kind and to other arrangements made 
by the Commission for bringing malariologists of different countries into 
touch with one another, it is probable that there never was a time when workers 
on this subject knew each other so well. 

One cannot speak of the internationalization of malaria work through the 
medium of the League’s Commission without mentioning at the same time the 
International Health Division of the Rockefeller Foundation which during the 
last 15 years has financed the Commission’s work. In addition to the inter- 
national arrangements of the League, the Foundation has initiated and maintained 
from 1916 onwards an international arrangement of its own for systematic anti- 
malarial work in various countries. It is chiefly an arrangement by which 
particular methods for reducing the incidence of malarial infection, such 
as anti-larval work, screening and the treatment of carriers, are tried out 
experimentally on a small scale in the field. The arrangements are made 
in collaboration with Governments. They were begun in Arkansas, Mississippi 
and other Southern States, and gradually extended to localities in the Argentine, 
Porto Rico, Nicaragua, Brazil, and other countries in America. In 1924 and 
1925 they were extended to Italy, Poland, Palestine, and the Philippine 
Islands. A map showing all the Rockefeller stations for studies on malaria in 
Europe is printed on page 267. Each of them is under the direction of a 
member of the staff of the Foundation’s International Health Division. Some 
of them are called “ stations for the demonstration of methods of control ” 
but perhaps “ research stations ” would be a better name. 

Altogether, during the 20 years ending with 1935, the Foundation spent on 
anti-malaria work, exclusive of the cost of field services, about two and a half 
million dollars, of which one and a half million was spent in foreign countries. 

I should add that the scope of the Foundation’s malaria programme has not been 
limited to what are called in the United States “ Malaria Control Demonstra- 
tions.” There is hardly any item of malaria research, except perhaps chemo- 
therapy, which has not received assistance directly or indirectly from its funds. 

The grant of fellowships to enable medical graduates to become • trained 
malariologists or to enable workers to see what is being done outside their own 
country is another beneficent activity of the Foundation. During the . last few 
years nearly eighty fellowships and grants for these purposes have been given. 
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Now let me mention another new arrangement which has been the means 
of greatly advancing our knowledge of malaria during the period under review. 
It began as a national arrangement which very soon became international. I 
refer to the establishment in mental hospitals, where malariatherapy is practised, 
of research laboratories charged with the duty of cultivating malaria parasites in 
mosquitoes and of inducing the malarial attacks by the bites of these insects 
instead of hy direct blood inoculation from patient to patient. The arrangement 
opened up an entirely new field of clinical, epidemiological and therapeutic 
research on human malaria contracted in the natural way. The British Govern- 
ment, through its Ministry of Health in London, were the first to make an 
official arrangement for this work by the establishment of a malaria research 
laborator}^ at the Horton Mental Hospital, Epsom, in May, 1925. In March, 
1926, by permission of the Ministry of Health, a report on the first results of 
the work was communicated to the League’s Malaria Commission for presentation 
to the Health Committee and publication. Soon after^vards laboratories on the 
same model were established in several other countries, notably Italy, Holland, 
the United States and Roumania. In the United States there are two research 
centres of this kind, one maintained by the Rockefeller Foundation in Florida, 
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the other by the U.S. Public Plealth Service in Washington. Roumania also has 
two centres, one at Jassy, the other at Bucharest. There has always been 
active co-operation between the several centres named. It is maintained by 
personal visits and by the exchange of species and strains of the malaria parasites 
and mosquitoes with which the work is done. An interesting point connected 
with it was the finding that anopheles confined in the cages invented by .Captain 
B.arraud in India travel well by sea and air. Between 1931 and 1933, batches 
of anopheles were received alive at Horton from countries as far distant as 
British -India, West Africa, Uganda and Trinidad, and on more frequent occasions 
from a number of countries in Europe. 

New and better arrangements for research on other aspects of malaria were 
also a feature of the period under review. One of them was the renewal of 
anti-malarial chemotherapeutic research by the chemical industries in Germany 
and France and the creation by the British Government of an organization 
for systematic work in England. For various reasons, arrangements made in 
this country were on a small scale but since their initiation in 1925 some progress 
has been made, particularly with arrangements for testing new synthetic prepara- 
tions and for studying the biological and physico-chemical principles under- 
lying the action of quinine and S5mthetic drugs. There are special units for 
this side of the subject in Liverpool, London and Cambridge. Recentlj% the 
Medical Research Council, in consultation with the Department of Scientific 
and Industrial Research, have made plans for promoting chemotherapeutic inves- 
tigation on a larger scale, for which the Government have provided an annual 
grant of ^([30,000. It is understood that the scheme includes the provision of a 
new Institute and that at an}'^ rate for the next year or more the income of the 
fund will be used to meet the cost of building. It will therefore be some time 
before expenditure on actual research work can be much increased. 

Another Medical Research Council scheme is an arrangement by which 
young graduates who show an aptitude and desire for research are given grants 
and facilities for becoming specially trained as research workers in the tropics. 
It is understood that as qualified investigators become available under this 
scheme the)'^ will be eligible for permanent pensionable appointments for research 
work on malaria and other subjects of tropical medicine abroad and at home. 

Lastly, I must not fail to mention arrangements made by particular societies 
and individuals. One example of each null suffice. Everyone will remember 
that the Roj^al Society of London, more than 35 years ago, followed up the 
discovery of the mosquito-cycle of the malaria parasite by sending research 
workers to Africa and India to study the new epidemiology of the disease and 
the life history and habits of the mosquitoes which transmit it. Last year the 
Society took a second step which everjmne hopes will have equally important 
results. It was the decision to devote the major part of its Medical Research 
Fund to a scheme of malaria research consisting firstly of a study by modern 
experimental methods of the parasites and their relationship with human, 



S. P. JAMPS. 


200 


animal and insect hosts, secondly of an intensive study of the ecology of one or 
more of the species of anopheles which spread malaria in the tropics. As a 
recent example of arrangements made by individuals I may cite the establishment 
of the Dorothea Simmons Malaria Research Station in Greece where the 
remarkable work on blackwater fever described by Mr. For and Dr. Hamilton 
Fairley at our Society’s meeting in June this year was done. The station was 
situated first in the Peloponnesus but for the last few years has been in Salonika. 
Unfortunately the donor’s grant to this station will cease at the end of 1938. 
In view of the outstanding importance of its work on blackwater fever it is 
greatly to be hoped that a plan for keeping it going will be found. 

II. 

Now I must pass to the second part of my paper, that is to the discoveries 
and additions to knowledge made during the period under review. On this 
subject I think the outstanding feature of the advance of knowledge during the 
period was the discovery or invention of better ways of investigating the disease. 
After the War the uneasy feeling of ignorance which I mentioned at the beginning 
of my paper caused workers to look about for new avenues of approach to 
unsolved problems. Clinicians, epidemiologists and entomologists gave much 
thought to this matter. An early opportunity for new work was provided by 
the occurrence of cases of malaria in the families of soldiers who had returned 
to their homes. These occurrences were studied in detail with the object of 
ascertaining precisely the sequence of events which led to their onset and the 
manner in which they multiplied to constitute local epidemics. Attention was 
directed to the habits and behaviour of the insect vector in the adult stage, and 
to the circumstances in which it became infected and transmitted the infection 
in particular houses. In this way malaria began to be studied in individuals of 
selected families in their own homes as well as in the mass by random sampling 
in the village street, and anopheles began to be studied from the point of view of 
the behaviour of the adult female insect in these houses as well as from the point 
of view of breeding places of larvae in the general environment. These studies 
were the starting-point of work which led to the discovery of biological races 
of anopheles indistinguishable morphologically in the adult stage, but with 
different habits and therefore, sometimes, with a different role in the epidemiology 
of the disease which they transmitted. At first it was thought that the results 
of these household studies were of interest chiefly from the point of view of 
the epidemiology of malaria in Europe ; later it was found that their application 
in the tropics gave equally fruitful results, so it is now generally recognized that 
a j“ malaria survey,” wherever it is carried out, must include on the one 
hand a clinical and parasitological study, over a considerable period, of 
selected individuals of particular age-groups in as many families as possible, 
and on the other a close study of the habits and behaviour of the insect vector 
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in the adult as well as in the larval stage. A good example of studies of the 
first type was the investigation in Nigeria made by the late Prof. J. G. Thomson, 
whose recent untimely death we all so much deplore. Another is the investigation 
made by Dr. Bagster Wilson in Tanganyika. Results of the second type of 
study have led to quite a novel method of controlling malaria among uncivilized 
native races in South Africa. 

Another avenue of approach indicative of the general desire to break 
new ground was investigation into the circumstances and factors to which 
the apparent disappearance of malaria from England, Denmark and Holland 
may have been due. These enquiries showed that the apparent disappearance 
had come about without any reduction of the insect vector concerned. Malaria 
is essentially a house or family disease and its spread is greatly facilitated by 
circumstances which bring gametocyte carriers, insect vectors and non-immune 
persons into close and continuous association It was found that in the countries 
named, this close association had been gradually broken in the course of years 
by progressive social, economic, educational, medical and public health 
improvements. Thus a way was opened which justified the application of other 
methods of dealing with malaria than those arising directly from the belief 
that because mosquitoes transmit the disease their elimination must be the 
object of chief concern and expenditure. 

Other methods of investigation devised during the early post-War years 
were of a quite different kind. In 1924, the late Dr. Roehl brought into applica- 
tion on a large scale at Elberfeld, in Germany, a method for seeking anti-malarial 
remedies by testing numerous quinine and quinoline derivatives to ascertain 
whether any of them were effective against the parasites of bird malaria. In 
1925, as I have already mentioned, the practice of malafiatherapy was applied 
systematically in England to the study of malaria itself as well as for its original 
purpose. Both these arrangements quickly led to great advances of knowledge 
on chemical and biological aspects of malaria and in particular to a change of 
thought and opinion on the aims and methods of anti-malarial therapeutics. 
On the chemical side an epoch-making advance was the discovery of plasmoquine 
and other synthetic compounds which promised to be effective anti-malarial 
agents. On the biological side additions to knowledge were no less important. 
The vexed question of the unicity or plurality of the human plasmodia was 
answered unequivocally. It is now accepted universally that the group comprises 
a number of species of which the morphological characters are quite distinct, 
and that in addition there are a number of varieties of each species with lesser 
morphological differences, such, for example, as those described for the indi- 
genous type of Plasmoditm vivax endemic in Holland as compared with those 
of the tropical type from Madagascar. In addition, it is accepted that within 
each morphological species and variety there are many strains having different 
biological properties ; they cannot be distinguished morphologically but can be 
separated by their clinical effects, immunological characters and their reaction 
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to anti-malarial drugs. Acquired tolerance or immunity as a result of repeated 
attacks was found to be specific not only as regards the various species of parasite 
concerned but also as regards particular strains. There were also notable 
advances of knowledge on the therapeutics of the disease. It was found that 
although quinine is one of the most remarkable drugs in the world it has several 
defects. In particular it does not prevent infection of the human host or the 
insect vector, and it does not prevent relapses. Its merits and defects in these 
and other respects were for the first time clearly ascertained and described ; 
and Avhen this was done it became possible to justify anti-malarial chemotherapy 
on scientific grounds. Its aim is not to supplant the one and only remedy that 
has been available for 300 years, but to supplement it with additional weapons 
for particular purposes. 

Except the practice of malariatherapy no method of research contributed 
so much to the addition of knowledge during the period under review as did 
the study of avian malaria parasites and the extensive use of canaries and other 
birds harbouring these parasites for laborator}" work. Ever^^one knows, of 
course, what we owe to researches on bird malaria ; MacCallum’s discovery 
of the fertilization of the female gametocjte, Ross’s working out of the mosquito 
cycle of the parasite, the early work on the curative action of quinine by 
Kopa^t.aris, the brothers Sergent, Giemsa and others, Roehl’s drug-testing 
de%’ice which resulted in the discovery of plasmoquine, and the fundamental 
work of the Taliaferros on the mechanism of immunity. About 1931 the 
knowledge which had been gained on human plasmodia by their study in 
the practice of malariatherapy was applied in new studies of the known avian 
species. Roehl’s method of chemotherapeutic test was supplemented by using 
canaries infected by mosquito bites instead of by direct-blood inoculation 
and tests were made on birds harbouring the parasite Haemoproteus of which 
the schizogonic cycle is passed in endothelial cells instead of in red blood 
corpuscles. Finally, new avian plasmodia were discovered and brought 
into use for experimental studies. One of them" is the malaria parasite of 
the domestic fowl, which Professor Brumpt found and described in 1935 
and to which he gave the name Plasmodium gallmaceiim, another is a malaria 
parasite of the Java sparrow which was apparently seen by Ziemann* 
in 1896 and by Anschutz in 1909 and by several workers since, but 
was nameless until 1935 when Professor Brumpt called it Plasmodium 
paddae. It would be in accord with precedent if the intensive study 
that is now being devoted to bird malaria were to provide the solution 
to problems which, even with the facilities afforded by the practice of 
malariatherapy, cannot be investigated in the human subject. One of them 
is the completion of knowledge of the schizogonic cycle of plasmodia in their 
respective vertebrate hosts. The sporogonic cycle of these parasites in the 
mosquito has been known in ever\' detail for nearly 40 years, but we know only 

*ZmLAXN', H. (1937). Zbl . Bakt . I Abt. Oriy., 140, fi3. 
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a part of the story of their life in the vertebrate host. An important part of the 
story that we do not know is what happens to the parasite during the interval 
between the inoculation of sporozoites by the mosquito and the appearance of 
trophozoites in the red blood corpuscles. When Ross had worked out the cycle 
of the parasite in the mosquito the end of the story was quite naturally assumed 
to be that the sporozoites which this insect injects into the vertebrate host 
penetrate quickly into the red corpuscles of the circulating blood and become 
the trophozoites which commence the schizogonic cycle. Nearly everyone 
accepted this assumption and Schaudinn’s observations in 1902 seemed to 
prove that the assumption was correct. Grassi, it is true, tried without success 
to repeat Schaudinn’s observations and always remained in doubt as to the 
destiny of the sporozoites, but to most workers it seemed against common 
sense to suppose that the parasite had to go through yet another cycle before 
entering red cells. So it was not until between 1925 and 1927 that the question 
again attracted attention. Its revival was due to the observation made by 
Yorke and Macfie in Liverpool, and by ourselves at Horton, that the onset of 
a malarial attack intentionally induced by the bites of infective mosquitoes 
cannot be prevented by giving quinine during the incubation period. I 
showed an example of this observation at a meeting of our Society in 
1931.* It is clear, in this example, that if the sporozoites which the thirty 
mosquitoes injected had immediately entered red blood corpuscles and had 
become trophozoites and schizonts the quinine would have killed them and no 
attack would have resulted. On the basis of these and similar experiments with 
plasmoquine the hypothesis was published in December, 1931, that what 
happens to sporozoites injected by the mosquito is that they are carried by the 
blood stream to the internal organs where they enter reticulo-endothelial cells 
and go through a cycle of development resulting in the production of merozoites 
which are able to enter red blood cells of the general circulation. Since then the 
problem of the destiny of sporozoites has been studied assiduously by many 
workers in different countries, and as a result it seems now that its solution may be 
close at hand. If so, it will provide an example of the manner in which advances of 
knowledge come about gradually as the result of observations made independently 
or collectively by many workers rather than as a result of isolated discoveries 
made by individuals. It would take too long to mention all the observations 
which have been made on this problem, and the names of those who made them, 
so I must limit myself to a brief statementof what seems to be the present position 
of knowledge on the matter. Three results of experimental work are of out- 
standing importance. The first is the observation that very shortly after the 
inoculation of sporozoites intravenously or intramuscularly, or by the bites of 
mosquitoes, the blood of the person or bird inoculated is not infective to other 
persons or birds, even when injected in large amounts, and that it remains 
non-infective for at least 2 or 3 days. This observation has been made repeatedly 
* James, S. P. (1931). Trans . R . Sor . trap . Med . Hyg ., 24, 477. 
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as regards the sporozoites of P. vivax and P. faldpannii, and as regards several 
species of avian plasmodia. The second is the observation, which, of course, 
has been made only as regards bird malaria, that during the latter part of the 
period of non-infectivity of the blood other birds can be infected by inoculating 
a small portion of the spleen, the liver or the brain. Evidently these internal 
organs become infective earlier than the circulating blood. The conclusion 
drawn from these two observations is that sporozoites injected intravenously or 
by the mosquito are quickly cleared from the circulating blood and become 
lodged in the reticulo-endothelial system of the internal organs where they remain 
until they have developed to the stage which can become parasitic in the red 
cells of the circulating blood. The third outstanding result of experimental 
work is the discovery that some avian plasmodia have two schizogonic cycles of 
development in their vertebrate hosts : one occurs in reticulo-endothelial cells 
in the brain, spleen, liver, kidneys, lungs and bone marrow, the other in the 
red corpuscles of the general circulation. It is known that after infection by 
the bites of mosquitoes the c5'^cle in the reticulo-endothelial cells precedes the 
cycle in red blood corpuscles because, as I have just mentioned, birds can be 
infected by inoculating them with a small portion of blood-free tissue from the 
spleen or liver or brain at a time when they cannot be infected even by inoculating 
a large quantity of blood. At the Laboratory Meeting of the Society which was 
held last March I had the pleasure of showing with Dr. Tate preparations of 
various stages of this endothelial cell cycle as it occurs in the parasite Plasmodium 
gallmaceutn of the domestic fowl. Professor Raffaele, of Rome, had previously 
discovered stages of the same cycle in canaries infected with P. elongatwn and 
P. relicttim, and Drs. Huff and Bloom, of Chicago, had discovered what seemed 
to be the same stages in cells of the bone marrow of birds infected with 
P. elongatum. Dr. Tate at Cambridge, and Dr. Kikuth at Elberfeld, have 
confirmed Raffaele’s findings with regard to P. relicttim, and Dr. Kikuth has 
obtained the same results with P. cathemerium. Professor Brumpt and others 
have confirmed the findings with regard to P. gallinaceum. It has not yet been 
proved that the stages seen in endothelial cells are actually stages of the growth 
and development of sporozoites taken up by these cells from the blood stream 
after their injection by the mosquito, but it is difficult to suggest any good 
reason against this view. It must be remembered, of course, that it is not 
yet justifiable to assume that the sporozoites of the human plasmodia have 
to undergo the same kind of preliminary growth and development in endothelial 
cells of the internal organs before they can become parasitic in red corpuscles 
of the general circulation, but if, ultimately, this should be found to be the case, 
we should be able to explain more satisfactorily than at present the failure of 
such remarkable anti-malarial drugs as quinine, plasmoquine and atebrin to 
act as true prophylactics, and to stop the occurrence of relapses. In the mean- 
time it seems clear that the next step in anti-malarial chemotherapeutic research 
should be to search for a compound which will destroy avian plasmodia during 
their cycle in endothelial cells. 



274 


PRILSIDKNTIAI, AliDRESS. 


I have talked long on the advances of knowledge resulting from the study 
of bird malaria, but I must not omit to mention that during recent years notable 
additions to knowledge have also come from studies on malaria in monkeys. 
The systematic use of these animals for experimental work dates only from 
1932, when Napier and Campbell, and Knowles and Das Gupta in India 
described malaria parasites from the blood of naturally infected monkeys imported 
from Singapore. Since then several of these parasites have been the subject of 
intensive study particularly in relation to immunology, and one of them, 
Plasmodium knowlesi, is quite commonly used, especially in Roumania, for the 
practice of human malariatherapy. Most of the additions to knowledge have 
come from work done in British India by the late Colonel Knowles and his 
collaborators, and by Sinton and Mulligan. The results of a remarkable 
collaborative study by William Taliaferro and W. H. Mulligan, of the 
histopathology of malaria, based chiefly on work done on P. k7towlesi in India, 
have recently been published. During the last few years Sir Rickard Christo- 
phers, who directs a special unit for research in malaria at the London School 
of Hygiene, has used P. knozvlesi for an entirely new type of fundamental or 
basic research which is concerned with the physico-chemical principles under- 
lying the mode of action of quinine and the synthetic anti-malarial compounds. 

III. 

In the third part of my paper I hoped to deal adequately with advances of 
knowledge on anti-malarial work in the field. But I find that for lack of time 
I must be brief. An outstanding event of the period was the bringing to light 
of malarious conditions in Europe comparable with those in very malarious 
parts of the tropics. They had always existed, but their rediscovery atU'acted 
much attention. Medical men, public health specialists and entomologists from 
various parts of the world came to study them and many specific anti-malarial 
campaigns were started. The Malaria Commission of the League of Nations 
played a large part in bringing the conditions to light, and the International 
Health Board of the Rockefeller Foundation are doing a great work in assisting 
the Governments of affected countries to fight the disease. You have already 
seen the map of Europe showing thirty-nine areas in each of which a special 
anti-malarial campaign is in progress under the direction of a member of the 
Foundation’s staff. Perhaps when you looked at the map you wondered why 
so much anti-malarial work is being done in Europe when so much has been 
left undone in the tropics. This is one of the problems of malaria that still 
remain unsolved. You may have wondered, too, how all this good work is to 
be continued by the Governments of the countries concerned when the experts 
from abroad who now direct it have departed. This raises the question of the 
creation of permanent official anti-malarial organizations which is the most 
important matter with which any attempt to review recent advances in anti- 
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malarial field work should be concerned. The Malaria Commission, in their 
general report on the principles and methods of anti-malarial measures in 
Europe, placed the creation and development of a permanent sendee first among 
their recommendations. They ad\-ised the establishment at the headquarters 
of the Governments concerned of a central official organization similar to that 
which is usual for tuberculosis and other social diseases. They suggested that 
the organization should be a subsection of the Central Health Department and 
that its chief duties should be to advise the Governments on anti-malarial policy 
and measures, to arrange for malaria research, to arrange for training medical 
officers and subordinate personnel in malariolog}', to conduct malaria surveys 
and to give advice and assistance in the conduct of local measures. It is under- 
stood, or at any rate it is hoped, that the anti-malarial activities in Europe, 
in which the League of Nations and the Rockefeller Foundation are taking so 
great a part, are part of a programme leading to that end. But, as I said in the 
beginning of my paper, a chief post- War difficulty in European countries most 
affected by malaria was the absence of a health service of any kind and in many 
rural areas the absence of effective arrangements even for treatment of the sick. 
To create these services medical men and subordinate personnel had to be 
enlisted and trained and it was therefore a wise plan to begin at the periphery 
by using malaria as a starting-off point. But the goal aimed at is the develop- 
ment of a general rural medical and health service which provides for adequate 
medical attention in sickness of all kinds, for improvements in housing, water 
supply, conser\'ancy and general welfare, and for the organization of educational 
campaigns designed to get the people to understand and to co-operate in the 
measures taken for their benefit, ^^^len this general service has been organized, 
arrangements for dealing with malaria will take their rightful place in it in 
accordance with the relative importance of this particular disease in comparison 
with the importance of other diseases and conditions affecting the public 
health. In some other countries, where medical and public health arrange- 
ments are more advanced, it has been possible to begin the organization 
of a special anti-malarial service at the centre rather than at the periphery. 
British India is a notable e.xample of a country in which this has been done, 
and it is a countrs', too, in which definite advances in practical anti-malarial 
arrangements were made during the period under review. A few years 
after the War an official central organization called the Malaria Survey of 
India was inaugurated and financed by the Central Government to the extent 
of 2 lakhs of rupees a year. Its primary function was to conduct research 
into all branches of malariology, to act as an information and advisory bureau, 
to prepare and issue bulletins for the use of executive malariologists and 
public health officers, to train medical graduates in laboratory and field 
malaria work, to maintain a reference library, to identify specimens sent 
for opinion and to undertake special investigations in various parts of India for 
the purpose of carr}'ing out measures of control. The Avide field of research 
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undertaken by the Survey during the last 10 years is indicated by the numerous 
original articles published in the Records of the Malaria Survey of India which 
is edited by the Director. Many major field enquiries were conducted by 
research workers of the organization during the period as well as an investigation 
lasting from 1923 to 1931 into the therapeutics of malaria with reference to the 
efficacy of the cinchona alkaloids in comparison with quinine. Apart from this 
official organization maintained by the Central Government the different 
Provincial Governments have their own organizations, acting partly through 
institutes such as the Institute of Hygiene and the School of Tropical Medicine 
at Calcutta, the King Institute at Madras and the Assam Institute at Shillong, 
partly through the Public Plealth Departments, most of which maintain special 
malaria officers with assistants and field laboratories. In addition there are 
many local organizations for research and anti-malarial measures, such as the 
branches of the Ross Institute, which are chiefly occupied with industrial 
malaria in tea gardens, the special organizations for railways in Bengal and for 
reclamation and construction works in various parts of the country, the organiza- 
tions in Indian native states, Mysore, Travancore, Patiala, etc., and the special 
anti-malaria staffs maintained by large cities, such as Bombay, Calcutta and Delhi. 
The campaign in the Delhi urban district is being conducted over an area of 
55 square miles and is under the direct control of the Malaria Survey of India. 
The cost of the permanent works included in the first 5 'ear’s programme of 
measures was 14-75 lakhs of rupees and the cost of the temporary measures 
Rs. 75,000. 

Now I must leave the question of organization and turn to advances in 
particular anti-malarial methods. First about treatment, everymne knows that 
some of the most striking advances of knowledge on malaria since the War were 
on the therapeutics of the disease. I need not say much about them because 
they were described fully in a discussion on synthetic anti-malarial remedies 
and quinine which was held at this Society in 1932, and in a general report 
published by the Malaria Commission of the League of Nations in 1933. A 
second general report on therapeutics by the Commission is now in the Press. 
In the work that has been done two quite different aims have been consistently 
kept in view. The first is to provide a remedy that is so abundant and can be 
obtained so cheaply that it can be made readily available to the whole population 
of malarious countries. The second is to find preparations which, regardless of 
their cost, will be effective for purposes for which quinine is known to fail. On 
the first aim the chief advance was the finding that for the ti'eatment of the 
great majority of cases of malaria occurring among the indigenous inhabitants 
of malarious regions quinine has little or no practical advantages over the mixture 
of alkaloids known in India as cinchona febrifuge and in Europe as totaquina. 
Both are cheaper products than quinine. On the second aim an epoch-making 
advance was the discovery of plasmoquine, atebrin and various other synthetic 
anti-malarial remedies. The Malaria Commission’s second general report 
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describes the results of clinical trials on a large scale made in various countries 
between 1933 and 1936 with the object of comparing the efficacy of these 
synthetic preparations with that of quinine. I think the results confirm most 
of the conclusions stated in the Commission’s previous report and provide 
valuable further information on some questions that could not be answered 
definitely in 1933. One of them was whether a short course of plasmoquinc 
given in doses of 0'02 gramme twice a week after cure of the attack b)’^ quinine 
reduces relapses or not. This is now answered definitely in the affirmative. It 
will be remembered that this practice was introduced some years ago in a 
standard plan of treatment adopted for the British Army in India, and that the 
remarkable decline of admissions to hospital illustrated in the graph below 


A GRAPH SHOWINO THC ANNUAL INCIDENCE Of MALARIA 
fNUMBER OF ADMISSIONS PER 1000 OF STRENGTH) AMONGST 
BRITISH TR00P5 fOTHER RANKS’)1N INDIA FROM 1919 TO 1935 



was attributed largely to it. I wish I could have referred to other con- 
clusions stated in this valuable report, but the Commission has taken such care 
to make reservations with regard to them that I have not found it possible to 
summarize them briefly. 

Knowledge and experience in anti-mosquito work and methods advanced 
considerably during the period and some noteworthy successes in reducing the 
prevalence of particular species of anopheles were reported. Many inventions 
for killing larvae, for preventing anopheles from breeding in certain waters and 
for killing the adult insects were made, but most is expected from the new know- 
ledge on what are called biological or natural methods of control which has 
been a feature of research in recent years. The successful employment of these 
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measures in several campaigns arc described enthusiastically in Dr. L. 
Hackett’s admirable book, Malaria in Europe, which I am sure all of you 1: 
read. Increased attention is also being given to so-called “ species-sanitatic 
although like most methods its practical application has been found to 
difficult, particularly in the United States where the idea (as first put forn 
by Carter and Darling for dealing with Anopheles quadrimaculatns) did 
get a favourable reception. This is chiefly because in the United States a 
malarial practice is complicated by the fact that although malaria as a disc 
is being dealt with sufficiently by the personal and household measures wf 
the people themselves are already taking, or can easily be persuaded to tc 
these measures do not ameliorate the serious prevalence of mosquitoes wli 
cause so much discomfort and annoyance in most localities, both urban ; 
rural. To be rid of mosquitoes of all kinds is what the people w: 
No public health department in the United States can aiford to neg 
this desire, which is sometimes expressed in forcible language and is 
governing factor in financial appropriations towards “ malaria contn 
This makes it difficult to do selective control work on the different spec 
On this subject of the attitude of the inhabitants of a country towards 
application of particular methods an interesting discover}^ made in recent yc 
is that, in some parts of the world, killing adult mosquitoes by the use 
insecticidal sprays in houses appeals more to the inhabitants than anti-lai 
work. The practice has been applied systematically on a large scale 
native huts in Natal and Zululand, and has been reported on as being willir 
and enthusiastically receivecj, as costing only about a third of the cost of ai 
larval work and as being more effective in controlling malaria. The sa 
method is being tried in campaigns in India. 

On the whole, it must be admitted, I think, that existing anti-mosqv 
measures arc still very crude and that no striking advance can be expeci 
until we know more of the life history, habits and behaviour of these “ pes 
ferous insects.” I have already mentioned that the Royal Society is 
interesting itself in this most important subject. 

I had hoped to say a few words about advances in other anti-malar 
methods, particularly reclamation of land, bonification, housing, screening a 
propaganda, but I must end. I am afraid that the account which I have giv 
you of what has been done about malaria since the War is incomplete ai 
imperfect, but I hope that men of reason and goodwill may find in it some car 
for a brighter outlook than seemed possible twenty years ago. 


The Meeting was preceded at 7.45 p.m. by a Demonstration, arranged 1 
Colonel James, of microscope preparations of the development of the followu 
avian plasmodia in endothelial cells : P. eloiigatum, P. relictum, P. cathemerim 
P. gallinaceuni. The exhibit included preparations kindly sent by Professi 
Rait'aele (Rome), Dr. Hufe (Chicago) and Dr. Kikuth (Elberfeld). 
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Sir Rickard Christophers ; Mr. President, ladies and gentlemen, it is not 
customary, following the President’s address, to have a discussion on the 
lines that we hold on our ordinary meeting nights, but in proposing a vote 
of thanks to our President for the very interesting and instructive address which 
he has given us to-night, some comment on the subject of that address is, I 
think, in order. 

This, I think, is the first occasion on which a Presidential Address at this 
Society has dealt with malaria in general. I think those of us who have just 
listened to our President will have been greatly impressed with the complexity 
of these new developments in regard to malaria. It is not without reason, 
I think, that malaria is the only disease which has abrogated to itself a complete 
science. Though the words “ malariology ” and “ malariologists ” may be 
very barbaric, they have evidentlj"^ come to stay. One does not hear of 
“ pestology ” or “ cholerology ” for plague or cholera, or — however important 
hookworm disease may be considered — of “ ancylostomatology.” But malari- 
ologists are well known, in fact, malariologists seem to increase and multiply 
in a most e.xtraordinary manner. I should not be surprised if there are 
twenty or thirt}' malariologists in this room to-night. 

Those of us who are malariologists will have been able to appreciate, 
perhaps more than others, the amusing description which our President has 
given us of those collective tours by all the high lights of malaria — the inter- 
national brass-hats, one might call them — ^wandering about Europe. I have 
heard the suggestion made by someone who knew a great deal about malari- 
ologists that a very interesting book might be written concerning these tours. 
There is no doubt that these meetings of malariologists from all over the world 
have produced a most profound effect, as the President well indicated this 
evening, on the study of malaria. The indirect effect of this exchange of views 
alone is very great. 

To many of us, however, it was probably the second part of our President’s 
paper which was the most interesting, namely, that in which he gave a resume 
of the recent developments emerging from a study of this disease. With 
Ross’s discover}- of the mosquito cycle one would have thought that the whole 
subject had been permanently closed. This may be largely so as regards the 
main facts in aetiology, but otherwise it has been quite the reverse. In the last 
20 years especially so many new channels have been opened up that the subject 
has become almost hydra-headed. What we have not been told to-night is the 
very large part which our President himself has taken in almost all these recent 
lines of development. Whether it has had to do with immunity in malaria 
or the habits of the mosquito, or with new work on relapses and many other 
interesting points, Colonel James’s name, perhaps more than that of any other 
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single individual, comes forward. He has been the influence at the back of a 
great amount of the work which has been done on these lines. 

It gave me great personal pleasure to hear our President refer to the 
question of the organization of malaria work in India, and especially what 
he said about the Malaria Survey of India. I think this organization can well 
be proud of the high level of work which it has put out, and of some of the 
unique lines it has followed. It is practically the originator of the idea of the 
malaria surveys, now recognized to be so important as the basis of all active 
work against malaria. The functions of the survey were described to us by our 
President. Perhaps the most important function of all is that it forms a kind 
of malaria brain for India. In this respect, the position it holds as adviser 
to the Goverment and in the control of research in India is a very desirable 
and effective one. Malaya has a somewhat similar organization, though on rather 
different lines. It, too, has turned out magnificent work. 

It gives me great pleasure to propose a vote of thanks to our President. 
for his delightful address to-night, and I should like to include also our thanks 
for the very fine demonstration of specimens he has given us to-night. 

Dr. C. M. Wenyon said he had great pleasure in seconding the vote of 
thanks proposed by Sir Rickard Christophers. 

The vote of thanks was canied, and the President thanked the meeting 
for thus expressing their appreciation. 
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SELLAR FEVER. 

BY 

W, A. M. JACK, O.B.E., M.B., B.S. (Lond.), D.T.M. & H. (Eng.), 

Colonel I.M.S. 


1. Definition. 

A mild fever showing a “ saddle-back ” temperature chart and lasting 
in the typical form for 5 daj's, but which may have a duration of any period 
from 12 hours to 6 or more days. It is accompanied by frontal headache, 
congestion of the throat, and slow pulse, and there is a special liability to relapse. 

2. Im^STIGATipN. 

The investigation of this disease has been carried out amongst Indian 
troops, as opportunity served, for many years in the following places in India : 
Risalpur, Malakand, Chakdara, Abbottabad and Razmak in the North-West 
Frontier Province, and Ambala and Sialkot in the Punjab. The principal 
investigations took place in Razmak in 1932, Ambala in 1933 and in Sialkot from 
1934 to 1937. 

Razmak is situated in lat. 33° N. at a height of 6,500 feet above sea level. 
In summer the maximum shade temperature does not reach 90° F., and there 
is a frequent rainfall; in Avinter there is snoAV. Abbottabad, lat. 33° N., height 
4,000 feet, is a semi-hill station AA'ith a maximum summer shade temperature 
of 97° F. and snoAAdall in AATnter, AA'hile Ambala, lat. 30° N., height 900 feet, 
and Sialkot, lat. 35° N., height 800 feet, experience the climatic conditions of the 
plains of northern India. 

More than 1,000 cases haA^e been obserA^ed personally. There has been no 
opportunity of observation amongst British troops, nor in other parts of India. 

3. Incidence. 

In Sialkot, during the year 1936, out of a total number of 750 admissions 
(373 medical, 377 surgical) of Indian combatants to the Indian Military Hospital, 
no less than 126 AA'ere on account of this disease, Avhile, in addition, 398 more 
received treatment either as outpatients or in the detention Avard, bringing the 
total number of cases to 524 for the year. As the average daily strength of 
combatants AA'as 1,976, this gives an incidence of 265-18 per thousand. 

The total number of daj's of duty lost AA-as 2,492 ; that is, more than one 
quarter of the Indian troops in the station each lost, on the aA^erage, over 44 
days’ duty during the year. 



282 


SELLAR FEVER, 


Since the admissions of combatants to hospital in Sialkot for this disease 
during the years 1934 and 1935 (with approximately the same daily average 
strength) were 145 and 91 respectively the incidence in 1936 may be considered 
as normal. 

4. Description. 

(a) INCUBATION PERIOD. 

A careful study of the incidence in various units has failed to show any 
regular interval between cases. Apart from sporadic cases, the interval between 
cases in a barrack room varies between 5 and 20 days. This is not sufficiently 
constant to be regarded as the incubation period. 

(d) ONSET. 

Occasionally there is a prodromal sense of malaise or fever for a few hours. 
The onset is sudden, perhaps accompanied by shivering. Patients can state 
precisely the time at which they were taken ill. Frontal headache, frequently 
severe, and a sense of fever are invariably present. Sore throat is complained 
of in 75 per cent, of cases, and there may be backache, general pains, or pain 
in the chest or abdomen. Severity or mildness of the onset bears no relation 
to the duration of the attack. 

The time of onset is frequently at night ; 40 per cent, of cases commence 
between 6 p.m. and 6 a.m. 

Table I. 

TIME OP ONSET. 


Time in hours. 

Cases. 

Percentage. 

00.00 to 03.00 

16 

8-6 

03.00 to 06.00 

10 

5-3 

06.00 to 09.00 

26 

14-0 

09.00 to 12.00 

25 

13-4 

12.00 to 15.00 

26 

14-0 

15.00 to 18.00 

34 

18-3 

18.00 to 21.00 

32 

17-2 

21.00 to 24.00 

17 

9-2 

Totals 

186 

100-0 
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(c) CLINICAL COURSE. 

Typically, the duration, of the disease is 5 days, but many variations arc 
encountered. The course may be cut short at any time from 12 hours onwards, 
and occasionally may last beyond 5 days. It may be prolonged by a relapse 
or relapses. 

Patients often do not report till the second or third day of the disease. 
Man}’’ of the cases which appear to last for more than 5 days come under this 
heading and their history must be regarded as doubtful. Such cases are, 
however, shown in the following tables in accordance with the history given. 


Table II. 

DUR.^TION OF FE\'ER IN 411 CONSECUTIVE CASES OF INDIAN COMBATANTS AND FOLLOWERS ADMITTED 
TO THE INDIAN MILITARY HOSPITAL, SIALKOT IN 1934-35-36. 


Duration of 
Fever. 

1934. 

1935. 

1936. 

Total. 

Percentage. 

Comb. 

Foil. 

Comb. 

Foil. 

Comb. 

Foil. 

1 day 

1 

— 

5 — 

12 

1 

19 

4-62 

2 days 

23 

— 

22 3 

22 j 5 

75 

18-25 

3 

38 

3 

18 2 

» 

26 — 

87 

2M7 

4 „ 

31 i 6 

1 

15 8 

17 ' 2 

1 

79 

19-22 

5 

30 j 1 

16 5 

I 

27 ' 2 

1 

81 

19-71 

6 „ 

4 - 

3 1 

3 

1 

2 

13 

3-16 

7 „ 

1 

1 1 - 
1 

— 1 

i 

I 

— 

3 

0-73 

8 „ 

i 

1 ’ — 

1 


— 

1 

0-24 

Relapses 

14 i 1 

1 

9 

4 

18 

7 

53 

12-90 

Totals 

142 

11 

89 

24 

126 

19 

411 

100-00 


The rise in temperature reaction may reach as high as 104° F., or may, 
on rare occasions, be so slight as merely to be half a degree above the individual’s 
normal, but without rising above 98-4° F. ; all intermediate severities are 
met Mth. There is never any toxaemia ; the general appearance of the patient 
gives no cause for anxiety. A striking feature of the disease is the mildness 
of the discomfort, except perhaps for the headache, even when the temperature 
is high and prolonged by relapses. Three-quarters of the cases reporting sick 
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do not require admission to hospital. Many, who have only a history of 
fever the previous day, are treated as out-patients and others, who have only 
slight fever for a short time, are treated with one or two nights in the detention 
ward. 

Convalescence is rapid and nearly all cases are fit to return to full duty 
within a few days of the return to a normal temperature. No after-effects are 
left. 

Te7?iperatiire . — A striking characteristic of the disease is the saddleback 
appearance of the temperature chart. This is caused by a distinct but temporary 


Table III. 

DURATION OF FEVER IN ALL COMBATANT CASES REPORTING SICK AT THE INDIAN MILITARY HOSPITAL 

SIALKOT IN 1936. 


Duration of 
Fever. 

Outpatients. 

■ 

Detained. 

Admitted. 

Total. 

Percentage. 

1 day 

164* 

118 

12 

294 

1 

73-09 

2 daj's 

— 

67 

22 

89 

3 

— 

33 26 

59 

11-26 

4 „ 

- 1 4 ; 17 

21 

4-01 

5 


1 

7 I 27 

1 

1 

34 j 6-49 

6 

— 

— i 3 

1 

3 

0-57 

7 

— 

— ' 1 

} 

1 

0-19 

.Relapses ... 

— 

5 j 18 

23 

4-39 

Totals ... 

164 

234 i 126 

524 

100-00 


•Accurate details of the duration of disease of those treated as outpatients are not available. 
In the majority of cases it only lasts for 1 day. 


drop in the earlier part, perhaps to normal limits, which divides the course 
into two phases. 

This remission usually commences on either the second or third morning, 
but may commence as early as the first evening (when the onset is during the 
previous night), and lasts from 12 hours to days. 

Table IV shows the time of commencement and the duration of the 
remission in 178 consecutive cases of 4 or more days’ duration. No useful 
information can be obtained from a study of cases of shorter duration. In 
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Sepoy P. M. Recruit K. M. Recruit P. S. Sowar C. S. Sapper T.J. Sepoy S.R. Sowar S. S. 



VIII. IX. X. XL 

W/C K. M. Naik P. N. Sepoy K. N. Recruit A. S. 



Sowar A. K, Recruit S. S. Recruit G. K. Sepoy A. S. 
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these the remission can often be observed, but the course of the disease is not 
long enough to show the typical saddle-back. Cases of 3 days’ duration occur 
with a remission on the second day which may give rise to a suspicion of malaria. 

It is also to be noted that only cases in which the remission is obvious have 
been included. In many of the cases shown as having no obvious remission, 
indications may be seen, e.g. (i) A failure of the normal evening rise on the 
second evening, or (it) An indication of the onset of the second phase by a rise 
of temperature, above the previous level, on the third day. 

Table IV. 

TIME OF COMMENCEMENT AND DURATION OF REMISSION. 



Duration of Fever. 



4 Daj's. 

5 Days. 

6 Days. 

1 7 Days. 

C 

8 Days. 

Cases. 



Number of Cases. 


Commencement 
of remission 

1st evening 

1 

4 


0 

1 

' 

0 

C 


2nd morning 

19 

12 

5 

0 

i 

0 

36 


2nd evening 

10 

3 

1 

t 

0 

0 1 

14 


3rd morning 

,3 

i» 

1 

0 

1 

1 

36 


Total cases 

i 

i i 


Nu.mber of Cases. 


Reported sick late in the attack 


No obvious remission 




l|^ days 

1 

2 



0 

0 i 

0 

« 1 

0 

0 



Total cases 


92 
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Cases reporting sick on the second evening, or later, naturally do not show 
the remission, and it is to be presumed that they report sick with the onset of 
the second phase. In such cases the existence of the first phase is only 
recognized by questioning, and it appears to be a feature of the disease that the 
first phase may be very mild as compared with the second phase. 

During the course of the fever the evening temperature is usually about 
1° higher than in the morning but with the exception of the remission between 
the two phases of the fever, normal is seldom reached except perhaps on the day 
before the final subsidence. The fever usually ends by lysis, but not infrequently 
there is an exacerbation on the last evening, in which case the fall occupies a 
few hours only. 

In cases in which the second phase only lasts for a few hours, there is 
sometimes a rise of temperature to 99° F. on the fifth day. This rise is often 
so transient that it is only detected by a 4 hourly, or even by a 2 hourly, reading. 
In such cases, symptoms (e.g., sore throat, headache or malaise), although 
alleviated with a return to normal temperature, persist until after the final rise, 
when they rapidly disappear. 

Pulse . — The pulse rate from the onset of the disease is usually slowed 
by from 15 to 20 beats per minute. On cessation of the fever, the return to the 
normal rate is generally rapid, though in a number of cases it may remain 
relatively slow for as long as 1 week. 

Central Nervous System . — The headache is characteristic, and is one of the 
most constant and typical symptoms. It appears at the commencement of the 
disease. It may be severe and is almost invariably confined to the frontal 
region, only very rarely does it extend to the temples and eyes or to the rest of 
the head. There is no photophobia. 

There is no tendency to depression or delirium. 

Pharynx . — From the onset the pharynx is acutely congested. Often this 
is painful, though many patients make no complaint and the throat condition 
is only discovered by examination. The congestion often spreads to the soft 
palate and posterior nares and remains till the end of the fever, when it rapidly 
clears up. On the soft palate there is a distinct and characteristic raised line of 
demarcation. There is no ulceration or membrane, and little if any mucus. 
In some cases only a mild hyperaemia is present, all intermediate stages being 
found. The intensity of the pharyngeal congestion bears little relation to the 
duration of the attack, except that cases of relapse more often have a milder 
congestion. The tonsils are never enlarged, but the mucous membrane covering 
them may share in the local congestion. Bacteriological examination of the 
throat clearly distinguishes the condition from a septic pharyngitis. There is no 
tendency for the ear to become involved. 

Respiratory Tract. — Tracheitis, causing a hard dry cough without sputum, 
is frequently present. This appears to be an extension of the pharyngeal 
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condition and would account for the pain in the chest which 
one of the initial symptoms. 

Loss of voice due to affection of the larynx has been observe 

Digestive Tract . — Rarely, there is an early complaint of i 
which would appear to be referred from the chest ; vomiting r 
time of onset. Beyond this there is no involvement. T1 
enlarged. 

Spleen. — In a proportion of cases the spleen becomes palpa 
enlarged to more than two fingers breadth below the costal mar 
to normal with convalescence. 

Skm. — A transient erythematous rash appears in 2 per ce 
the first day, upon the back and, less often, upon the chest. T] 
more than a few hours. No later rashes are ever observed. 

Lymphatic System. — Occasionally the glands draining tl 
palpable. In no cases does suppuration occur. Other lymphati 
involved. 

Genito-urinary System. — Febrile albuminuria may occur, 
has failed to detect organisms. 

Eyes. — Suffusion never occurs. There is no photophobia o 

Blood. — In the large majority of cases, a leucopenia, which r 
3,000 white cells per c.mm., is established early. During th 
fever there is usually a slight increase in the percentage of larg 
which may even reach as high as 10 per cent., while the eosino] 
diminished and, in many cases, absent. Lymphocytes are n 
increased to 40 per cent, with a corresponding diminution of i 
In a few cases the while cells remain unaltered. With the fall of 
there is a slight eosinophilia with a rapid return of the total 
counts to normal. There is no change in the red cells or haemoj 

No organisms can be recovered from the blood. Special s 
made for those of the enteric group and for Treponema recurrentis 

There is no alteration in agglutination reactions to the 
Brucella vielitensis, B. abortus. Bacillus proteus X. 

Malarial parasites cannot be found. 


Of 411 cases, combatants and followers admitted in the yeai 
in Sialkot, fifty-three relapsed, a percentage of 12-90. 

The relapse occurs most commonly on the sixth day, but i 
as the fifth morning or may be delayed till the tenth day. In a 1 
may be a longer inten^al. Table V shows the day of onset of t 
There is sometimes more than one relapse, and cases have 
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Table V. 

INTERVAL BETWEEN ONSET OF FIRST RELAPSE AND ONSET OF INITIAL ATTACK. 


Relapse on 5th morning after initial attack 


5th evening 



... 1C 

Cth day 



... 27 

7th 



5 

8th „ 



0 

9th 



1 

10th 



1 


3 cases 


Total 


53 cases 


lasting in all for more than 1 month. These are believed to be caused by this 
disease, though examples were not met with in the series under analysis. 

Of the fifty-three cases of relapse, forty-six relapsed once, four twice, two 
three times and one four times. 

Table VI (p. 290) shows the duration of the initial attacks and also of the 
subsequent relapses of these fifty-three consecutive cases. 

In reading charts of relapses it is necessary to bear in mind the eflFect of the 
remission as well as the interval between attacks. If this is not done, the true 
significance of the case will often be missed. 


XVI. 

Recruit G. S. 


XVII. 

N«ik P. S . 


XVIII. 

Syce L. 



Rl-LAPSIi CASI-i?. 
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Table VI. 

DURATION OF INITIAL ATTACKS AND OF RELAPSES. 


» 

Duration. 

Initial 

Attack. 


Relapses. 


First. 

Second. 

Third. 

Fourth. 

Number of 
Cases. 


Number of Cases. 


1 day 

1 

17 

— 

1 

1 

2 days 

4 

12 

3 

1 

— 

3 

12 

7 

— 

— 

— 

4 

14 

5 

2 

— 

— 

6 

15 

6 

2 

1 

— 

6 

— 

5 

— 

— 

— 

7 „ 

1 

1 

— 

— 

— 

Unreliable history 

C 

— 

— 

— 

— 

Totals 

53 

53 

7 

3 

1 


(<f) COMPLICATIONS. 

During the winter months the respiratory tract is occasionally affected by a 
mild bronchitis. This complication, if found, tends to mask the remission 
and to cause a rise in the total leucocyte count by an increase in the neutrophils. 
Severe bronchitis has not been observed. The duration of the attack is not 
prolonged, and the bronchitis clears up immediately it is over. Dry ronchi 
are often heard in the chest. These are not to be taken as a sign of bronchitis ; 
they appear to be caused by a spread of the tracheitis to the smaller bronchi. 
On rare occasions, a patch of consolidation, confirmed by X-ra)'- examination, 
the size of the bell of a stethoscope has been found. This affects the leucocyte 
count in the same manner as bronchitis, does not effect the duration of the 
disease, appears to be of no prognostic significance and does not delay the 
patient’s discharge from hospital. 

In one case Pfeiffer’s bacillus was isolated. 

Very rarely true lobar pneumonia has supervened. This was the cause of 
the only fatality noted. This complication is so uncommon as to suggest accidental 
occurrence. In one case an old tuberculous focus in the lung was lighted up 
and occasionally malarial relapses may be determined. 

No other complications have been observed. 

(e) DOUBTFUL CASES. 

Certain doubtful cases have been excluded from the foregoing account. 
The general appearance is shown in Chart XIX. They have all the clinical 











W. A.-M. JACK. 


291 


XIX. XX. 



DOUBTFUL C.\siis. X = possible relapse. 


features of the relapse cases described, but the temperature fails to fall between 
the attacks. It is well recognized that there may be no apyrexial period before 
a relapse in enteric fever. It would appear that in this disease, also, the 
apyrexial period may be missing. In the chart shown, peaks of pyrexia (marked 
X ) on the sixth and tenth days suggest this possibility. 

Chart XX shows a similar case in which the temperature fell for a few 
hours. In this chart the slight rise (marked X ) on the fifth day of the relapse 
is also to be noted as suggestive of the commencement of a second relapse. It 
seems possible that in other cases the fall occurs at night and is unnoticed. 

Some cases lasting 6 days show a rise on the last day. Possibly this is 
really the commencement of a relapse which fails to be maintained. If this is 
the case, it is evidence that a fall between the initial attack and the relapse is not 
necessary, and bears out the suggestion that these doubtful cases are, in fact, 
cases of relapse. 

The patients never appear seriously ill and invariably make a rapid and 
uneveatful recovery. All the bacteriological and serological examinations 
usual in cases of prolonged pyrexia are negative. 

These doubtful cases occur amongst undoubted cases. They include 
a large number of the cases of pyrexia of uncertain origin met with in the north 
of India. 


5. Diagnosis, Prognosis and Treatment. 

Diagnosis. 

The diagnosis presents no difficulty if the salient features already described 
are borne in mind. It is necessary to recognize the fact that the throat condition 
is not the cause of the disease but is a symptom only. Correct diagnosis is very 
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desirable to avoid anxiety in cases in which the fever is prolonged by relapses, 
to spare patients the unnecessary discomfort of repeated blood cultures, etc., and 
to escape avoidable interference with men’s duties caused by treatment for 
malaria. Recognition of this disease is also necessary in order that its causation 
and prevention may be worked out. 

The usual diagnoses made are : pharyngitis, sandfly fever, influenza, 
bronchitis, dengue, clinical malaria, common cold or tonsillitis. 

Fevers of the enteric group, malaria, relapsing fever and typhus are 
excluded not only by laboratory methods, but also by the clinical course and 
symptoms. The discharge of a septic throat is absent. Common cold is 
excluded by the absence of nasal discharge ; any blocking of the nasal passages 
is due only to swelling of the mucous membrane of the posterior nares which has 
spread up from the phaiynx. Tonsillitis also is excluded by the absence of 
follicular patches ; the swelling, if present, is of the mucous membrane only, 
though this may of course be covering a chronically enlarged tonsil. If 
bronchitis is present, a study of the case will show that this is a complication, not 
the primary disease. 

The main differential diagnosis lies, therefore, between the disease under 
discussion and dengue, sandfly fever and influenza. This disease is common 
in areas in which dengue rarely or never occurs. It occurs in the absence 
of AMes argenteus. The rash of dengue is never seen, nor is the desquamation. 
Severe pains of joints and muscles are never experienced. There is no injection 
of the conjunctivae. The fulminating course of an outbreak of dengue is never 
encountered. The remission between the two phases of the fever in this disease 
tends to be at least 24 hours earlier than in dengue. This disease lasts longer than 
sandfly fever and the whole course presents an entirely different clinical picture 
It is also common at seasons when Phlebotomus papatasii cannot be found and in 
places in which sandfly fever is very rare. Influenza is excluded by the duration 
of the fever, the .invariable mildness of the effects, the rapid convalescence, and 
the slow pulse. The type of influenza is apt to vary from year to year ; the 
type of this disease does not. The absence of depression and the lesser degree 
of malaise also clearly distinguish this disease from the three preceding diseases 
of which depression is a distinctive feature. 

Prognosis. 

Uncomplicated cases invariably recover. 

Treatment. 

The treatment of the disease is symptomatic. No specific treatment is 
known. Atebrin, plasmoquin and sulphostab are without effect. 

6. Etiology. 

The etiology of the disease is still in doubt. 

(a) The many resemblances to the sandfly-dengue group strongly suggest 
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an insect vector. Attempts to find such a vector have been made with only very 
doubtful success. 

A winged vector is not possible. At Razmak cases occur in the coldest 
season with snow on the ground, in the absence of mosquitoes and sandflies. 
The lines of British units were sandwiched between those of affected Indian 
units, separated by less than 100 yards, yet no cases were observed in British 
troops. In the Punjab, the incidence is greatest in the colder months when 
fresh infections of malaria are rare. The mosquito and sandfly cannot, 
therefore, be vectors. 

The louse is not the vector : thorough disinfestation of affected units 
has been carried out on five occasions without any influence upon the incidence 
of the disease. Attempts to transmit the disease by lice have failed. In six 
cases lice, in batches of ten, were fed upon patients, from the first to the fourth 
day of disease, and thereafter fed upon volunteers (who had no history of recent 
illness) until the death of the lice, which occurred in five cases on, or before, 
the sixth day, and in one case on the ninth day. In one case lice were fed upon 
a patient on the first day of disease and then released in the clothing of an already 
louse-infested volunteer. He wore the same clothes and remained infested 
for 3 weeks. None of these volunteers developed the disease. 

It seems unlikely that the flea is the vector. The incidence of the disease 
does not show the seasonal and climatic variations which would be expected if this 
were the case. 

It appears possible that the bed-bug is the vector ; the disease is present 
throughout the year, a prevalence which is consistent with this. Attempts to 
transmit the disease by bed-bugs have been made. At Ambala, in forty cases, 
bed-bugs {Cimex rotimdatus), obtained from houses free from history of illness 
were fed, in batches of ten, upon healthy men as controls. In no case did the 
controls develop fever. The bed-bugs were then fed upon patients on either 
the first, second or third day of the disease, and thereafter upon volunteers 
every third or fourth day for varying periods up to 1 month. These volunteers 
were men who were in hospital for minor injuries and, therefore, unlikely to be 
exposed to infection. In two cases volunteers developed fever after being 
bitten. In one case the fever lasted a few hours only without typical symptoms, 
but in the other a nearly typical attack of the disease with relapse followed. 
The bed-bugs had been infected 9 and 3 days previously, and the volunteers 
had been in hospital for 5 and 17 days. The one might have been infected before 
arrival at hospital and the other might conceivably have broken out of hospital 
and been infected elsewhere. Similar attempts were made in Sialkot using 
both C. rotundatiis and C. lecttdariiis, but without success. 

The disease is not spread by food, milk or water, since men in one barrack 
room may suffer from the disease, while others of the same caste and company 
fed from the same cookhouse under precisely the same conditions, but living 
n another barrack room, may be entirely unaffected. 
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{b) Attempts have been made to effect direct transmission of the disease. 
In one case, 5 c.c. whole blood from a patient on the third day of disease was 
injected subcutaneously into a volunteer ; the necessity for taking the obvious 
precautions prevented this being carried out earlier. In another case filtered 
serum from a patient on the second day was injected. In another case a direct 
throat to throat swabbing was tried. None of these attempts Avas successful. 

(c) Throat washings in normal saline were taken, passed through a Seitz- 
Werke filter and inoculated into a rabbit. The temperature rose 2° F. and the 
rabbit went off its food the same night, but thereafter returned to normal. 

(d) The incidence of the disease appears to bear no direct relation to 
climatic conditions, such as temperature, rainfall or relative and absolute 
humidity. In Razmak the incidence appears to be greater in the temperate 
hot Aveather than in the extreme cold, Avhereas in the plains of the Punjab 
the incidence is someAvhat greater in the cold Aveather months, especially during 
December and January. It is endemic in all units throughout the year ; units 
seldom go for more than 3 Aveeks at a time without a case reporting sick. At 
irregular intervals the incidence in a unit increases into a minor epidemic. 

The course of incidence in a unit is that sporadic cases occur, scattered 
throughout the squadrons or companies, but these cases do not communicate 
the disease to other men ; then, from no apparent cause, cases occur more 
frequently in a barrack or barrack room, Avith any interval from a fcAv days to 
3 Aveeks between cases. Occasionally tAA’o cases may go sick on the same day 
in the same barrack room. There is no constant interval between cases. The 
spread is sIoav, and some 6 to 10 AA'eeks may elapse before the incidence subsides 
to the normal rate of sporadic cases. A barrack room may go for many months 
AA'ithout a case, and for as much as a year Avithout an epidemic. An instance 
has occurred in AA^hich, in a barrack, divided into three barrack rooms of tAventy 
men each, one room had as many as eleven men attacked in the course of a fcAV 
months while in the other tAvo rooms there Avere no cases, in spite of the fact 
that one of them had men of the same caste as the men attacked, and although 
they all mixed on parade. Such epidemics in one unit do not correspond AAdth 
epidemics in other units, nor usually do those in the different squadrons or 
companies of the same unit. 

It is interesting to note that though no precautions are taken Avith cases in 
hospital, the disease neA^er spreads to other patients nor are those in attendance 
on the sick, medical officers and nursing orderlies, more prone to the disease than 
others. 

Troops in camp appear less likely to contract the disease than those in 
barracks. In one case, amongst 450 reservists in camp for 5 AA'^eeks in Sialkot 
in February, ten to a tent, only six cases occurred, although the disease AA'as 
prevalent in the parent unit in barracks only a fcAv hundred yards distant. 
These cases Avere all in adjacent tents, but no tAA^o cases occurred in any one tent. 

British officers of Indian units do not often contract the disease ; AA'hen 
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married officers do so, it does not spread to their families. In the only case 
hitherto seen of an officer’s wife having contracted the disease, she developed 
it within 36 hours of the officer and so both presumably contracted the infection 
from the same source, though this could not be traced. It is also unusual for 
Indian officers to be infected. 


7. Immunity. 

Second attacks are not uncommon. One attack does not give immunity 
to further attacks. Second attacks are rare within 9 months, but have been 
noted with an interval of 6 weeks only. It appears not improbable that the 
varied types of the disease are due to a partial immunity due to previous attacks. 
The general health of the individual appears to have a direct bearing upon the 
susceptibility to attack. It is especially noticeable that those with a haemoglobin 
of less than 70 per cent, appear to be more susceptible than those above that 
figure, and tend to have more severe attacks. 

8. Discussion. 

The most striking features of this disease are the saddle-back nature of the 
fever, frontal headache, sudden onset, sore throat and rapid convalescence. 
The complete absence of pain in the eyes and joints, of coryza, of late rash and 
of suffusion of the conjunctivae are also to be noted, as are the mildness and lack 
of persistence of the muscle pains. The remission in the earlier part of the 
course is typical, but, should this be absent, the diagnosis still holds. 

That all the cases showing different durations of fever are caused by the 
same disease is clear from the following points ; — 

1. The tendency of cases of short duration to relapse about the si.xth day. 
An initial attack of 1 or 2 days may give rise to a relapse of 5 days. 

2. Not only do cases of various duration present the same clinical 
appearance, but as regards duration they merge into one another imperceptibly. 

3. The cases of various degrees of severity and duration all appear in due 
proportion during the same epidemics and from the same companies and 
barrack rooms, as they do also in different epidemics and at different times of the 
year. 

These points can only be fully brought out by a close study of the incidence 
and by a careful history of the precise time as well as date of onset. It seems 
probable that the varying duration is caused by the suppression of the second 
phase of the fever. The tendency of the second phase to suppression is well 
•recognized in dengue, while in sandfly fever it is almost universal ; actually, the 
point must be raised whether the cases of sandfly fever in which a second 
phase has been noted were not, in fact, cases of the disease now described. 

A proportion of cases report sick late in the disease. It appears that 
these are either cases in which the first phase is mild, or in which the first phase 
is short and the remission between the phases is prolonged. Such cases report 
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sick with the onset of the second phase, and, if the patient is not questioned 
carefully, the existence of the first phase is overlooked. 

The disease is invariably true to type, within the limits described, in what- 
ever locality or in whichever year or season of the year it is encountered. The 
distribution is widespread and it certainly exists in the country villages since 
men on leave in them from other stations have reported for treatment. More- 
over men travelling from stations other than those in which the disease has 
been studied have been attacked during the journey 

The method by which the disease is spread still remains in doubt. No 
connecting link between cases can be discovered, except that minor epidemics 
appear to arise in individual barracks. No reasonable explanation can be given 
as to why sporadic cases should occur at one time in a barrack room without 
the disease spreading, while at another time a minor epidemic breaks out. 
Nor is it clear why such minor epidemics should appear, irrespective of climatic 
or other conditions, in one squadron or company, and not in another when the 
disease in endemic in all. Experience at Razmak and the increased incidence 
of the disease in the cold weather in the plains, make a winged vector impossible, 
but, from analogy with the dengue-sandfly group, an insect vector still seems 
probable. This suggestion is strengthened by the very irregular interval 
between cases. The bed-bug has on several occasions been a suspected carrier 
of disease ; in this case also it seems the most likely. Perhaps there is some 
unknown factor which interferes with the success of attempts to use it as a vector. 
The attempts made to transmit the disease by this method are, however, against 
rather than in favour of the bed-bug as a vector. Ticks are not found in 
barracks. 

Droplet infection is possible. The fact that the disease does not spread 
in hospitals can be explained by the fact that hospital cases are confined to well- 
spaced beds during the time that they may be regarded as infective. This 
method of infection, however, seems improbable : were it responsible, a more 
regular interval between cases would be expected. 

9. Conclusion. 

A very large number of cases of mild fever characterized by a saddle-back 
temperature, frontal headache, slow pulse and sore throat have been observed 
in various stations in northern India. 

The clinical picture suggests a resemblance to the sandfly-dengue group, 
but there are many definite differences. 

The disease has a distinct tendency to relapse and it is these relapses which 
form a large proportion of the otherwise undiagnosed fevers common amongst 
Indians in the north of India. 

The existence of an insect vector, perhaps the bed-bug, is possible. 

There can be no doubt that this is a disease sui generis hitherto undescribed, 
and to it the name “ sellar fever ” is now given, in allusion to the typical 
course of the fever. 
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NOTE ON ACUTE HEPATITIS AND YELLOW FEVER 

IMMUNIZATION. 

BY 

G. A'l. FINDLAY, C.B.E., M.D., D.Sc. 

AND 

F. O. MACCALLUM, M.D., B.Sc. 

Wellcome Bureau of Scientific Research, London. 

From time to time reactions have been described following immunization 
with attenuated viruses such as vaccinia and fixed rabies and, as is well known, 
various phenomena, grouped under the term “ serum sickness,” may follow 
the injection of therapeutic sera. Most of these reactions follow the injections 
at an interval of at most 7 to 12 days. If the occurrences described in the present 
note are other than fortuitous it would appear that sequelae to immunization 
may be delayed for as long as 2 to 7 months after immunization. The sequelae 
referred to are attacks of acute hepatitis, with symptoms resembling those of 
common infective hepatic jaundice, coming on at intervals of 2 to 7 months 
after yellow fever immunization. The term ” common infective hepatic 
jaundice ” is here used as a synonym for “ epidemic catarrhal jaundice,” a 
disease associated with a mild hepatitis and distinguishable as Hurst and 
Simpson (1934) point out, from the rarer condition of true catarrhal jaundice. 
During the past d-J- years approximately 2,200 persons have been immunized 
against yellow fever. Careful records have been kept of both the immediate 
results of the inoculations and of any remote illnesses from which the persons, 
immunized may have suffered. In all, fifty-two cases of jaundice have been 
traced. Two of the patients who became jaundiced were successfully operated 
on for gall stones and gave a history pointing to involvement of the gall bladder 
which antedated the yellow fever immunization. In two other instances the 
patients shared a meal of curried prawns. Symptoms of acute gastro-intestinal 
derangement followed a few hours later and both patients subsequently developed 
a slight jaundice. The symptoms, suggestive of some form of food-poisoning, 
resembled those of the jaundice met with during the war in Gallipoli. 
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There is no reason to think that the occurrence of jaundice in these four 
persons was in any way associated with the yellow fever immunization. 

In the forty-eight other patients the symptoms exhibited a striking 
uniformity. After a few days of slight malaise, with loss of appetite, nausea 
and occasional vomiting, the skin and conjunctivae were noticed to be jaundiced 
and the urine dark coloured. Sometimes the stools were pale in colour. The 
symptoms then began to clear up, though the jaundice, weakness and mental 
depression disappeared more gradually. No case has so far been fatal and in 
no case was there any complication. Of the forty-eight patients, six only 
were women, although of the 2,200 persons immunized nearly 400 have been 
women The persons affected varied in age from 22 to 58 years Six cases 
occurred in this country, fourteen in Egypt and the Anglo-Egyptian Sudan, the 
remainder in the British West African colonies, the Gambia, Sierra Leone, 
Nigeria and the Gold Coast. 

The interval between the yellow fever immunization and the onset of the 
jaundice was almost exactly 2 months in 26, between 2 and 3 months in 12, 
between 3 and 4 months in 8, and over 4 months and just under 7 months in 
2 cases. 


Clinical Histories of Typical Cases. 

Case 1 , inoculated on 3.12.36 with tissue culture pan tropic yellow fever virus and 28 c.c. 
human yellow fever immune serum : no reaction occurred after the inoculation and 3 weeks 
later his blood when tested for immunity to yellow fever protected in a dilution of 1 in 16. 
He left for Northern Nigeria at the end of January, 1937. On 18.2.37, he felt a little out 
of sorts but at no time had any fever. Two days later it was noticed that he was jaundiced. 
The jaundice deepened for a few daj's and was accompanied by anorexia and lack of energy. 
Then it gradually disappeared together with the other symptoms and at the end of 4 weeks 
he had completely recovered. 

Case 7. — ^Physician, aged 30 years, was immunized against yellow fever on 21.4.36 
with tissue culture pantropic yellow fever virus and 30 c.c. of human yellow fever immune 
serum and 5 c.c. of concentrated monkey yellow fever immune serum. Apart from a slight 
serum rash at the point of injection of the monkey scrum, there was no reaction to the 
injection. The yellow fever immune body litre of the serum a month later was found to 
be 1 in 16 when tested by the mouse protection test. On 27.5.36 the patient was given a 
second inoculation of pantropic yellow fever virus alone. No reaction followed and a 
fortnight later the immune body titre by the mouse protection test was 1 in 64. 

For some 6 weeks before the onset of illness the patient had been staying at a faim 
in a rural part of Sussex. About 16.7.36 a feeling of uneasiness developed as though he was 
carrying a weight in the epigastrium. This continued for 4 days when he felt a little faint. 
On this day he was given 0-5 c.c. T.A.B. vaccine. The following day he had nausea on 
rising and pains in the limbs but no temperature. He went to bed after a light lunch. 
On 23.7.36 the general lassitude was more marked and the urine was very dark coloured. 
The temperature in the evening was 99-6° F. It did not rise again above 99° F. throughout 
the course of the illness. The patient vomited in the evening. On 24.7.36 he felt better 
but for the first time noticed that his conjunctivae were jaundiced. Thereafter he slowly 
improved. He was admitted to the Hospital for Tropical Diseases on 28.7.36 under the 
care of Dr. N. H. Fairlev. An examination of the heart and lungs revealed nothing 
abnormal and there was no tenderness over the abdomen. Examination of the blood 
showed haemoglobin 100 per cent. : leucocytes 6,600 per c.mm. The differential count 
showed polymorphonuclear leucocytes 47 per cent., small lymphocytes 45 per cent., 
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mononuclears 6 per cent., eosinophils 1 per cent, and basophils 1 per cent. The stools 
were pale in colour and showed an absence of ova and protozoa. Urine, sp.g. 1,018, 
reaction acid, albumin a trace, sugar nil, red blood corpuscles absent ; leucocj'tes and 
epithelial cells a few : casts nil. Bile salts, bile pigments and urobilin positive, van den 
Bergh : direct reaction positive (biphasic) : indirect reaction 19 units of bilirubin. Blood 
urea = 25 mgm./lOO c.c. The patient made an uneventful recover^'. An examination 
of the blood serum for immune bodies to leptospira carried out by Majot H. C. Brown, 
was negative. Attempts to demonstrate the presence of yellow fever virus in the serum 
by the subcutaneous inoculation of rhesus monkeys and the intracerebral injection of mice 
were negative. The yellow fever immune body titre of the serum examined during the 
illness and a fortnight after convalescence was complete was constantly 1 in 64. 

Case 9. — Laboratorj' assistant aged 22 years : was immunized with the neurotropic 
stixiin of yellow fever \’irus and 20 c.c. of human j'ellow fever immune serum on 29.1 1.33. 
A week later he complained of a severe headache, slight photophobia and hypersensitivity 
of the skin. The temperature rose to but did not exceed 100-4° F. He felt out of sorts for 
5 days. He remained in good health up to 3.3.34 when he had a bad cold in the chest 
^^■ith cough : he occasionally felt slight nausea but did not actually vomit till 10.3.34, when 
he noticed that his urine was dark in colour. His appetite was poor and he suffered off 
and on from flatulence. On 12.3.34 he noticed that he was jaundiced. On examination 
no abnormalit}' was noticed except tenderness in the right h\-pochondrium. The stools 
were well formed, of normal colour and neutral reaction : the fatty acid values were low. 
The van den Bergh test gave direct a delayed positive, indirect 10‘5 units of bilirubin : 
the urine sp.g. 1,024, acid reaction — albumin slight trace, occasional leucocytes and 
epithelial cells : bile salts, bile pigments and urobilin were all present. The patient 
made an uneventful recoverj' and on 4,4.34 the urine give negative reactions for bile 
pigments and salts with but a slight trace of urobilin. 

The yellow fever immune body titre of the serum tested 5 weeks after the yellow fever 
inoculation bv the mouse protection test was 1 in 64 : tested a year later it had fallen to 
1 in 16. 

For clinical details of the above cases I am greatly indebted to Dr. N. Hamilton 
Fairley, Physician to the Hospital for Tropical Diseases. 

Case IS. — Ph}-sician, was inoculated udth pantropic tissue culture virus and 32 c.c. 
of human yellow fever immune serum on 31.10.36. Beyond a slight feeling of tiredness 
he experienced no reaction to the inoculation and his serum 4 weeks after inoculation was 
found to protect in a dilution of 1 in 32. During the second week in Januarj' he felt out of 
sorts, was easily tired and had a poor appetitte : on 16.1.37 he noticed that he was jaundiced. 
With the onset of jaundice the subjective sj-mptoms improved but the anorexia and 
ewdence of jatmdice did not completely disappear for nearly 6 weeks. The faeces were ► 
pale and clay coloured, the urine ver>’ dark in colour with bile salts, bile pigments and 
urobilin. A diflferential blood count showed polj-morphonuclear leucocytes 53, small 
lymphocytes 42, mononuclears 4, eosinophils 1. The sertun tested by Major PI. C. Brown, 
for immunity to leptospira gave negative results. The yellow fever immune body titre 
remained constant throughout and no yellow fever \-irus could be demonstrated by 
inoculation of either whole or diluted blood serum into monkej's and mice. Blood cultures 
were bacteriologically sterile. 

Case 21. — Company director, was immunized against yellow fever on 10.11.36 with 
pantropic tissue culture yellow fever Hrus and 40 c.c. of human yellow fever immune 
senun. His serum protected against yellow fever Hrus in a dilution of 1 in 32 3 weeks after 
inoculation. He sailed for West Africa on December 16th, 1936, and after visiting various 
parts of West Africa arrived at Garua, French Cameroons in early January : after spending 
a week or 10 days he moved on to Northern Nigeria and towards the end of January began 
to feel out of sorts with loss of appetite. There was no fever. This lasted for 4 days when 
he noticed that his stools were light in colour and his urine dark. Later he was told that his 
skin and conjunctivae were jaundiced. He did not have to go to bed but continued to feel 
below par for the next 3 months. His serum tested in May, 1937, protected mice in a dilu- 
tion of 1 in 64. iNiajor H. C. BRO^^•N was unable to demonstrate leptospiral immune bodies 
in the serum. 
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Methods of Preparing Yellow Fever Virus and Immune Serum. 

Before discussing the cause of these cases of hepatitis and their relationship 
if an}'’, to the preceding yellow fever immunization, it is necessary to recapitulate 
the various modifications (c/. Findlay, 1936) that have been made in the method 
of yellow fever immunization. The method, first introduced by Sawyer, 
Lloyd and Kitchen (1932), consisted in the injection of human immune yellow 
fever serum in doses of 0-5 c.c. per kg. of body weight, followed some 2 to 3 
hours later by an injection of 0-5 c.c. of a filtered 20 per cent, suspension in normal 
human serum of mouse brain infected with the neurotropic strain of yellow fever 
virus. The immune serum was obtained either from persons who had suffered 
from clinical attacks of yellow fever or from persons such as laboratory assistants 
who had been artificially immunized against yellow fever. All donors were 
Wassermann negative. The serum was preserved by the addition of 0-2 c.c. 
of tricresol mixed with 0-2 c.c. of ether and stored in sealed glass ampoules, 
so that no loss of tricresol could occur on standing : before bottling it was 
filtered through a Seitz K filter and was tested for bacterial sterility by incubation 
in glucose broth under aerobic and anaerobic conditions. Later, owing to the 
difficulties of obtaining sufficient supplies of human serum, an attempt was made 
to use serum from hyperimmunized horses (Pettit and Stefanopoulo, 1933) 
and also hyperimmunized monkeys. The same preservatives and the same 
precautions as to bacterial sterility were used as in the case of human sera. 

Cases of jaundice have been seen in association with the use of human 
immune serum prepared both in these laboratories and in the laboratories of the 
International Health Division of the Rockefeller Foundation in Brazil (ten 
cases), after the use of hyperimmune horse serum prepared in the Pasteur 
Institute, Paris (thirteen cases) and after the use of hyperimmune monkey serum 
(two cases) prepared in these laboratories. The smallest dose of serum which 
has been followed by jaundice is 10 c.c. 

The virus component used from 1932 to the middle of 1938 consisted of a 
20 per cent, suspension in normal human serum of mouse brain infected with the 
neurotropic strain of yellow fever virus. The normal human serum employed 
was filtered through Seitz K filters and tested for sterility before use. The mice 
used in the production of this vaccine were of a specially selected strain which 
was periodically tested for freedom from intercurrent infection. The vaccine 
before use was filtered through a Seitz K filter and tested both aerobically and 
anaerobically for bacterial contamination. Use has been made of neurotropic yellow 
fever vaccine prepared in these laboratories and in the yellow fever laboratories 
of the International Health Division of the Rockefeller Foundation in New York. 
Jaundice has occurred after the use of vaccines prepared in both laboratories. 
From the middle of 1936 onwards an attentuated pantropic strain of virus has 
been exclusively used. This attenuated strain of ordinary yellow fever virus, 
first prepared by Lloyd (1936), was to begin with grown in tissue culture flasks 
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containing minced mouse embryo tissues in normal serum Tyrode solution. 
Later (Findlay, 1936), minced chick embryo was substituted for the mouse 
embryo. Jaundice has occurred after the use of vaccines prepared from virus 
grown in either mouse or chick embryo and prepared both in New York and 
London. 

Possible Explanations of the Occurrence of Hepatitis following 
Yellow Fever Immunization. 

An explanation of the occurrence of hepatitis as a sequel to yellow fever 
immunization is by no means easy. The following possibilities suggest 
themselves : — 

(1) Coincidence . — Since epidemics, and apparentl}'^ sporadic cases, of 
common infective hepatic jaundice are by no means rare in the general population 
it was at first thought that the appearance of an occasional case of jaundice 
following yellow fever immunization was purely fortuitous. Nevertheless 
the fact that between 2 and 3 per cent, of those inoculated over a period of 4 
years have developed jaundice suggests that a positive correlation exists between 
the inoculation and the jaundice. 

The following facts must also be taken into consideration, (a) the invariable 
interval of at least 2 months between the inoculation and the onset of jaundice, 
{V) the occurrence within a few days of each other of jaundice in three out of five 
immunized persons in a mining camp in Sierra Leone : no non-immunized 
persons developed jaundice, (c) the occurrence within a few days of each other 
of jaundice in seven out of thirty-two immunized persons in a camp in the 
Anglo-Egyptian Sudan almost exactly 2 months after immunization : no case of 
jaundice occurred at the same time in 198 non-immunized persons in the same 
camp. In another camp of twenty persons immunized one became jaundiced, 
in 798 not inoculated no case of jaundice occurred. 

On the other hand in order to obtain a rough idea of the frequency of 
jaundice in the general population the last one hundred people coming up for 
inoculation have been asked whether they have suffered from jaundice during the 
past 10 years. Four persons reported that they had had jaundice during this 
period, two of them in Africa. 

(2) Jmmdice may he caused by the yellozv fever virus . — The next suggestion 
was that the jaundice was directly due to the yellow fever virus and that the 
illness was a modified form of yellow fever, the virus having gained entrance 
into the liver where it remained unneutralized till the immune serum had been 
excreted, when it again became active. The following facts contradict this 
suggestion ; {a) the clinical symptoms ; these closely resemble those associated 
with common infective hepatic jaundice and differ from those of yellow fever 
in the almost complete absence of fever, the absence of headache and backache, 
the frequent paleness of the stools, the long continuance of the jaundice, (6) failure 
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to obtain virus from the blood, (c) lack of increase in the yellow fever immune 
body titre of the serum as a result of the attack of jaundice. All persons who 
developed jaundice with one exception had been shown before the onset of the 
hepatitis to have yellow fever immune bodies present in their blood, {d) failure 
of all efforts to obtain yellow fever virus from the tissues of animals after the 
development of yellow fever immune bodies (Hindle, 1932), (e) development 
of jaundice in a woman following the injection of yellow fever immune serum 
and neurotropic yellow fever virus, the patient having already suffered from an 
attack of yellow fever some 8 weeks before the date of her immunization. Her 
serum taken immediately before injection of the serum-virus mixture was shown 
by the mouse protection test to protect in a dilution of 1 in 128. Two clinical 
attacks of yellow fever in the same individual have never been recorded nor is 
there any record of jaundice or hepatitis coming on 2 months after recovery 
from naturally occurring yellow fever.* (d) After the injection of yellow fever 
immune serum into animals Bauer (1930) has shown that immune bodies have 
disappeared 14 days later. If yellow fever virus were lying latent in the liver it is 
curious that no cases of jaundice occurred till 60 or more days after inoculation. 

(3) The jaundice may be due to some organism injected with the virus or serum . — 
It is conceivable that some extraneous organism might have gained entrance when 
the yellow fever immune serum or the virus was injected. Since both the yellow 
fever immune serum and the virus suspension were filtered through Seitz filters 
and were bacteriologically sterile after filtration the hypothetical organism would 
almost certainly have to be a virus. If the virus were introduced with the serum 
it must be present in the serum of apparently healthy human beings both in 
England and South America and in the serum of horses and monkeys and it must 
not be killed by the addition of 0-2 per cent, tricresol and 0'2 per cent, ether. 
If the hypothetical virus were injected \wth the yellow fever virus then the 
virus must have been originally present in the brains of mice in New York and 
London or in the monkeys tissues from which the pantropic yellow fever virus 
was originally obtained. No evidence from other sources has been obtained that 
mice or rhesus monkeys harbour a Aurus capable of producing jaundice in 
human beings. If a hypothetical virus pathogenic for man were directly 
injected with the virus or serum inoculum it is surprising that under 
3 per cent, of persons developed symptoms. Although the presence of a 
hypothetical virus cannot be entirely excluded the evidence against it is very 
great. All serum used in growing the virus or in making the vaccine is now 
being inactivated before use. 


*Since the above was written we have seen a European, A. M., who suffered from a 
typical attack of yellow fever in November, 1933, on the Gold Coast. Two other 
Europeans were attacked at the same time, one of whom died. BetAveen two and a half 
and three months after his attack of yellow fever A. M., while still in West Africa, suffered 
from an attack of jaundice with clay coloured stools and symptoms in everyway similar 
to those reported above. 
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(4) The jaundice may he due to some toxic substance contained either in the virus 
or serum moculated. — The possibilities which suggest themselves are : — 

{a) Foreign proteins derived either from the mouse or chick tissues included 
in the virus inoculum. 

{h) Foreign proteins contained in the immune serum. 

(c) Tricresol. 

{d) A toxic compound of tricresol and protein. 

In regard to the toxic possibilities of the very small dose of mouse or chick 
protein injected vith the virus component it seems improbable that the small 
amounts of foreign protein would in themselves cause an hepatic lesion. 
Cresol in large doses is known to have a toxic action on the liver, an action which 
it shares with other phenolic compounds, but the quantity (0-2 per cent.) 
actually injected into each individual has never exceeded OT c.c. Many tens, 
if not hundreds, of thousands of persons must have been injected with serum 
containing tricresol without developing jaundice. Nevertheless experiments 
are now in progress to determine whether on standing tricresol forms with 
proteins compounds which might possibly injure the liver. 

(5) The jaundice may be due to some infection acting on a damaged liver . — 
The symptoms recorded in the cases of jaundice following yellow fever inocula- 
tion are, as already mentioned, very similar to those of common infective hepatic 
jaundice, the disease formerly, though incorrectly, termed epidemic catarrhal 
jaundice. Common infective hepatic jaundice can be distinguished from lepto- 
spiral jaundice by the failure to infect guineapigs from the blood or urine, by the 
absence of agglutinins to leptospira in the serum, and by the differential leucocyte 
count which in infective hepatic jaundice shows an increase in lymphocytes, 
while in leptospiral jaundice there is commonly an increase in polymorpho- 
nuclear leucocytes. 

Owing to the similarity in the symptoms of common infective hepatic 
jaundice and the hepatitis folloMng yellow fever immunization the question 
naturally arose as to whether any of the persons who contracted jaundice 
following yellow fever injections could possibly have been infected with the agent, 
almost certainly a virus, of common infective hepatic jaundice. Common 
infective hepatic jaundice is by no means a rare disease in this country {cf. 
Morgan and Brown, 1927; Findlay, Dunlop and Brown, 1932; Bashford, 
1934; Frazer, 1935; Barber, 1937; Lisney, 1937) and in America (Blumer, 1923). 
It has also been frequently noted in Egypt, the Anglo-Egyptian Sudan {cf. Bridie, 
1936), where incidentally Weil’s disease has never been recorded and West Africa 
(Kumm, 1932 ; Findlay, Dunlop and Brown, 1932). A widespread epidemic 
has recently been reported in Finland by Wickstrom (1936). The chief 
pathological change is an acute but mild hepatitis (Eppinger, 1922 ; Findlay 
and Dunlop, 1932 ; Gaskell, 1933 ; Hurst and Simpson, 1934). The 
incubation period has been shown by Pickles (1930, 1937), and others to be 
about 4 weeks and the infectious stage would appear to be the preicteric period 
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when the disease is probably spread as a droplet infection. It is thus by. no 
means easy to determine a clear association between sporadic cases of hepatitis 
and epidemics of common infective hepatic jaundice. Nevertheless in two 
instances in this series it has been possible to trace a connection between an 
outbreak of infective hepatic jaundice and the onset of jaundice in an inoculated 
person. 

Case 18. — This physician, 4 weeks before the onset of his illness, had 
examined a number of children suffering from common infective hepatic 
jaundice in the out-patient department of a children’s hospital. 

Case 21. — This patient on arriving at Garua, French Cameroons, found 
that a European employee of his firm had just gone to bed with jaundice. This 
employee, O.H., who has since returned to England, reports similar symptoms 
to those described in Case 21 ; he also informed us that during January, 1937, 
there was a widespread outbreak of infective hepatic jaundice in the town of 
Garua. O.H. had never been inoculated against yellow fever and his serum 
failed to show either yellow fever or leptospiral immune bodies. Case 21 
developed jaundice after an incubation period which is consistent with his having 
contracted the infection at Garua. 

A third instance of association between common infective hepatic jaundice 
and post-inoculation jaundice is reported to us by Dr. G. J. Stefanopoulo who 
in 1935 immunized 102 white persons against yellow fever at Pointe Noire, 
French Gabon (c/. Stefanopoulo, 1937). Yellow fever hyperimmune horse 
serum and neurotropic yellow fever virus were employed. Two persons 
developed jaundice between 2 and 3 months after the inoculation, but as cases of 
infective hepatic jaundice were present in the town in non-inoculated persons 
no particular significance was attached at the time to the occurrence. 

Even if the cases of post-inoculation jaundice are really cases of common 
infective hepatic jaundice, and the occurrence of cases of post-inoculation 
jaundice in little groups in Bathurst, Gambia, in a mining camp in Sierra Leone 
and in a camp in the Anglo-Egyptian Sudan is suggestive of some common source 
of infection, it is necessary to explain why persons who have received therapeutic 
inoculations against yellow fever should be more prone than the uninoculated to 
infection with the organism of infective hepatic jaundice. It is suggested that a 
possible explanation lies in a previous weakening of the liver by some hepatotoxic 
substance contained in the inoculum in insufficient quantities to produce by itself 
any demonstrable action. In one case in this series the onset of jaundice appears to 
have been precipitated by an operation for hernia ; the anaesthetic was A.C.E. 
As is well-known, two toxins acting together in small doses are more likely to 
produce extensive liver necrosis than a single toxin. Opie (1910) for instance 
showed that while the effect of chloroform on the liver was very variable, the 
combined injection of living bacteria and chloroform produced much more 
constant and severe damage. Similar results on the liver were obtained by 
Hurst and Hurst (1928) on the combined effects of manganese chloride and 
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Bacillus coll infections, and by Findlay, Dunlop and Brown (1932) on the 
combined effects of arsphenamine and bacterial infections. 

In human beings numerous outbreaks of jaundice have occurred in persons 
undergoing arsphenamine treatment. These outbreaks have, it is suggested, 
been due to the causal agent of common infective hepatic jaundice acting on the 
liver damaged by arsphenamine ; in some instances it has been found that 
contact cases not receiving arsphenamine have also suffered from liepatitis. 
Earlier literature is summarized by Findlay (1930). A more recent outbreak 
is described by Richards (1933). From 1931 onwards jaundice appeared in 
patients receiving antisyphilitic treatment in a clinic until finally one in every 
three patients developed symptoms. In all over 120 cases were seen. Female 
patients Avere relatively immune. Eventually one patient developed jaundice 
who had not recewed arsenical treatment for over a year, while another patient 
with jaundice had received only bismuth. It was found that the patients were 
forced to wait in a badly-ventilated corridor. When e.xcessive crowding Avas 
avoided and all patients Avere made to AA’ait in a large AA^ell-A^entilated Out-Patient 
Hall the incidence of jaundice immediately fell. 

Murraa' (1930) reported that of patients treated Avith acriflaAnne for 
gonorrhoea no less than 1 1 per cent. deA’^eloped symptoms indistinguishable from 
those of infectiA^e hepatic jaundice (epidemic catarrhal jaundice) 8 or more Av^eeks 
after cessation of the treatment. 


Discussion. 

I'he eAudence AA'hich has been obtained may be briefly summarized. Cases 
AAuth symptoms closely resembling common infective hepatic jaundice haA'^e 
occurred 2 to 6 months after yelloAv feA'er immunization in from 2 to 3 per cent, 
of 2,200 persons immunized against yelloAv fcA^er. Jaundice has occurred 
in those persons AAdio have receiA'^ed immune serum and Aurus and also in persons 
AA"ho haA^e recewed Aurus alone (fiA’^e cases). The jaundice does not appear to be 
due to a form of yelloAV fever since no rise in the yelloAv feA’^er immune body titre 
of the serum occurred during or after the illness and also because symptoms of 
jaundice occurred in a Avoman AAdro had suffered from a natural attack of yelloAv 
fcA-er and had a A^ery high serum immune body titre already present Avhen she 
recewed injections of Aurus and serum. 

The occurrence of jaundice after yelloAv fever immunization is analogous 
to the occurrence of outbreaks of jaundice folloA\dng antisyphilitic treatment or 
injections of acriflavine. 

In tAvo of the forty-eight cases discussed the attack of jaundice came on 
4 AA'eeks after exposure to infection from the organism of common infectiA'e 
hepatic jaundice. The incubation period of common infectiA^e hepatic jaundice 
is 4 Aveeks. 
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when the disease is probably spread a 
means easy to determine a clear associa 
and epidemics of common infective b 
instances in this series it has been poss 
outbreak of infective hepatic jaundice and 
person. 

Case 18. — This physician, 4 weeks . 
examined a number of children sufferin 
jaundice in the out-patient department of a ( 

Case 21. — This patient on arriving at 
that a European employee of his firm had jusi 
employee, O.H., who has since returned to 1 
to those described in Case 21 ; he also inform 
there was a widespread outbreak of infective 
Garua. O.H. had never been inoculated agai. 
failed to show either j’^ellow fever or leptosp 
developed jaundice after an incubation period win 
contracted the infection at Garua. 

A third instance of association between comn 
and post-inoculation jaundice is reported to us by , 
in 1935 immunized 102 white persons against yc 
French Gabon (c/. Stufanopoulo, 1937). Yellov, 
serum and neurotropic yellow fever virus were 
developed jaundice between 2 and 3 months after the 
infective hepatic jaundice were present in the town 
no particular significance was attached at the time to 

Even if the cases of post-inoculation jaundice ar^ 
infective hepatic jaundice, and the occurrence of c 
jaundice in little groups in Bathurst, Gambia, in a mini: 
and in a camp in the Anglo-Egyptian Sudan is suggestive 
of infection, it is necessary to explain why persons who h 
inoculations against yellow fever should be more prone ti 
infection with the organism of infective hepatic jaundice, 
possible explanation lies in a previous weakening of the live, 
substance contained in the inoculum in insufficient quantiti 
any demonstrable action. In one case in this series the onset 
have been precipitated by an operation for hernia ; the an, 

As is well-known, two toxins acting together in small dose, 
produce extensive liver necrosis than a single toxin. Opie 
showed that while the effect of chloroform on the liver was 
combined injection of living bacteria and chloroform proci 
constant and severe damage. Similar results on the liver 
Hurst and Hurst (1928) on the combined effects of mangai. 
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THE LEUCOCYTE PICTURE IN IRAQ. 

by 

WALTER P. KENNEDY, Ph.D., L.R.C.P. & S., F.R.S.E.* 

From the Royal College of Medicine, Baghdad, and the Royal Air Force Hospital, 

Hinaidi, Iraq. 


Introduction. 

Differential counts are so commonly used in clinical practice that it is 
important to have accurate standards for comparison. Tropical climates are 
usually stated to cause alterations in the blood, and if this is true European 
standards are not applicable to tropical medicine without test of validity. Few 
investigations appear to have been made on this important subject. Forty-three 
text-books of tropical medicine, European medicine, ph5'^siology, etc. gave 
figures, but none to which statistical tests had been applied ; and the majority 
gave normal ranges far narrower than would be expected, assuming that differ- 
ential counts behave like the majority of variable populations. Comparison was 
complicated by differences in the names of the mononuclears ; allowing for this, 
a resume of the data is given in Table I. 


Table I. 

PERCENTAGE. .STANDARDS liXTRACTED FROM i'ORTY -THREE TEXT-HOOKS. 


! 

j Polymorphs. 

1 

1 

liosinophils. ! Basophils. 

Lymphocytes. 

Monocj'tes. 

Extreme ranges 

50-7;') 

0-0 

1 

0-1 

15-45 

0-2-15 

Average maximum 

7M 

1 -5 

0-0 

ao 

3-8 

.‘\\’erage minimum 

04 -5 

1-5 

0-4 

20-8 

0-8 

Mean average 

08 

2 0 

' 0-5 

1 

24-2 

4-8 


*The paper is published by permission of the Air Ministry and the Director-General 
of Health, Baghdad. 

Thanks are due to Dr. A. C. Aitken for advice on some of the statistical points. 
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THE LEUCOCYTE PICTURE IN IRAQ. 

BY 

WALTER P. KENNEDY, Ph.D., L.R.C.P. & S., F.R.S.E.* 

From the Royal College of Medicine, Baghdad, and the Royal Air Force Hospital, 

Hinaidi, Iraq. 


Introduction. 

Differential counts are so commonl)’^ used in clinical practice that it is 
important to have accurate standards for comparison. Tropical climates are 
usually stated to cause alterations in the blood, and if this is true European 
standards are not applicable to tropical medicine without test of validity. Few 
investigations appear to have been made on this important subject. Forty-three 
text-books of tropical medicine, European medicine, physiology, etc. gave 
figures, but none to which statistical tests had been applied ; and the majority 
gave normal ranges far narrower than would be expected, assuming that differ- 
ential counts behave like the majority of variable populations. Comparison was 
complicated by differences in the names of the mononuclears ; allowing for this, 
a resume of the data is given in Table I. 


Taule I. 

PERCENTAGE STANDARDS EXTRACTED FROM FORTY-THREE TEXT-BOOKS. 


j 

1 Polymorphs. 

Eosinophils. 

> 

' Basophils. 

Lymphocytes. 

Monocytes. 

Extreme ranges 

.50-7.T 

0-6 

0-1 

15-4.7 

0 

1 

A^•erage maximum 

7M 

4 A 

0-6 

:io 

3-8 

Average minimum 

G4-.5 

lo 

0-4 

20-8 

G-S 

Mean average 

68 

2 -6 

0-5 

1 

24-2 

4-8 


*The paper is published by permission of the Air Ministry and the Director-General 
of Health, Baghdad. 

Thanks are due to Dr. A. C. Aitken for advice on some of the statistical points. 
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Only Kilduffe (1931) and Tidy (1934) gave the range of polymorphs as 
50 to 75 per cent., none gave extreme ranges of eosinophils, lymphocytes, and 
monoc 3 ^tes so wide as the figures above, which are taken over all the texts con- 
sulted. Recent studies in Iraq showed that the polynuclear count and differential 
count did not conform to these standards (Kennedy, 1935 ; Kennedy and 
Mackay, 1935 and 1936), and it was felt that the importance of the leucocyte 
picture in clinical practice justified the extension of the work. Under tropical 
conditions opportunities are infrequent for studying the physiological states of 
large groups of healthy Europeans owing to the relatively small size of the 
populations, the calls of routine work on the practitioner, and it may be added 
that the summer heat tends to induce an irritability of temper or a laisser faire 
attitude which is not conducive to useful co-operation. 

Material and Methods. 

Kennedy and Mackay (1936) studied the leucocyte picture in 271 airmen 
and officers of the Royal Air Force (177 stationed at Hinaidi, 32 at Amman, 
Transjordania, 33 at Aden, and 29 at Khartoum, Sudan) and 29 Iraqi medical 
students. To the results are now added those from 30 airmen stationed at 
Shaiba, Iraq, 49 more stationed at Hinaidi, and 21 Iraqi medical students, 
bringing the total to 400. As it was pointed out before that the Royal Air Force 
population offered special advantages for the investigation, the most important 
being that the health standard was singularly high, it is not necessary to recapitu- 
late the detailed reasons. The Iraqi students were drawn from a socially favoured 
class, had undergone a medical examination before entering College, and were 
re-examined to exclude minor pathological influences. At the same time parallel 
investigations were made on pathological groups to discover the statistical 
differences from the normal standard, and to find whether the polynuclear count 
reacted to diseased conditions as it does in Europe. 

Malaria . — The clinical material in this group was not so uniform as in the 
case of the normals. Forty-six were British airmen, and 254 were Iraqis of all 
social classes with an age group of 12 to 59, though the majority were Iraq Levy 
troops between 19 and 26. The samples w’ere mostly collected at the height of 
the malaria season, but some were taken throughout the year. Of a total 300 
cases, 171 were benign tertian, 122 were malignant, and only 7 were quartan, 
the last being comparatively rare in Iraq. The severity of the infections varied 
within wide limits, but in all cases parasites were observed in the bloods examined. 
It has been shown that the blood reaction varies with the different stages of 
the parasite’s development (Garin, 1930), further some of the cases were new 
infections, a few had received quinine, and some were relapses. Thus comparison 
with the normal group is onty to be made with considerable reservation. It 
must be emphasized that the aim of this part of the research was to find the 
range of relative leucocyte reaction which could occur in malaria and the other 
pathological conditions, rather than to study the detailed response in groups 
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where as many variables as possible were controlled. Such observations would 
have required an impracticable number of cases, and would have introduced 
complications unnecessar}' at this stage. On the other hand it is possible 
that the diversity of sampling did not introduce such a disturbance of the basic 
statistics as might be expected, since it has been shown that so far as the poly- 
nuclear index was concerned, a male Iraqi population, healthy but otherwise 
taken at random, did not difi'er statistically from one of the airmen (Kennedy 
and Mackay, 1935). 

Tubcrcitlosis. — 'Phis group included 97 cases of active phthisis of whom tu o 
were British airmen, the rest being young Iraqi adults, and 36 cases of surgical 
tuberculosis. Again, it must be made clear that the inclusion of two different 
types of tuberculosis in the same division is permissible only since a general view 
of the blood reaction to the disease is wanted. 

Leprosy. — The lepers were all of the nodular type, 72 being from Baghdad, 
32 from Amaru, and 29 from Basrah. All were Arab fellahin, and only 10 were 
women. 

Phlehotomus or Sond-Jly Fever (three-day fever). — Of these cases 101 were 
British airmen and 29 were Assyrians of the Iraq Levies. Difficulty is also 
encountered in this group for the differential diagnosis of phlehotomus fever, 
in Iraq at least, is not entirely satisfactory. Similar brief fevers are not uncommon 
which, however, differ sufficiently from sand-ffy fever to suggest that the aetiology 
is different. 

BilJiarziosis. — The 100 cases were infections with Scinstosoma /laematobitim 
drawn from all ages of the male population of a village, Man-beni-Saad, near 
Baghdad, where the disease was endemic. The diagnosis was made from the 
presence of ova in the urine. The samples were taken during an intensive 
treatment campaign, and opportunity was unfortunately not then afforded to 
examine the stools for helminthic infestation. It is probable that a proportion, 
estimated at 5 to 10 per cent, may also have been infected with ankylostomiasis. 
Ascaris and Taenia are not common in this district. 

The methods of preparation and counting were the same as detailed in the 
previous papers, and it will suffice to discuss the classification of the leucocytes. 
A feature of both normal and pathological groups was the relatively large number 
of cells with ruptured membranes and scattered granules, and degenerate cells 
of the smear and basket types. Eosinophils were especially fragile. The 
degenerate cells were omitted from the count, but eosinophils, which only 
appeared to have ruptured through drawing the film, were included. 

The division of granulocytes into neutrophil, eosinophil, and basophil is 
familiar and needs no remark. Opinions differ regarding non-granular cells. 
The lymphocytes arc divided by certain writers into large and small ; the former 
are generally considered immature, as shown by the more constant presence of 
nucleoli; and are relatively more common in children. All stages of intermediate 
forms occur, so the division into two groups is arbitrary and unnecessarily 
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complicates the differential count. Further, there does not seem to be any well- 
founded clinical reason for making a separation. 

The upholders of different theories of the origin of monocytes have given 
these cells a number of names, among which are large uninuclears, large mono- 
nuclears, large hyalines, macrocytes, splenocytes, endotheliocytes, endothelial 
leucocytes, and transitional cells. The last was applied on the incorrect assump- 
tion that there was a transition form between the monocyte and the neutrophil. 
Maximow and Bloom (1935) state that in most animals it is impossible to 
separate all monocytes as distinct from lymphocytes, and that transitions between 
them are usually present. In the present investigation cells occurred which 
were difficult to classify as either monocytes or lymphocytes and appeared to be 
intermediate types. No special class was made for these, but they were included 
in the group they most resembled. Different forms of monocytes can be dis- 
tinguished but there does not appear to be any advantage in separating them. 
All cells conforming to the following description were considered monocytes. 
The diameter is usually between 16 and 22/i, though the upper limit may be 
exceeded. The nucleus is relatively smaller than that of the lymphocyte, and 
is eccentrically placed, round or oval (but if so, the margin is always slightly 
indented), reniform, horseshoe shaped, or deeply constricted. The nucleus 
stains paler than that of the lymphocyte ; the nuclear membrane is thinner. 
The chromatin granules are finer and more numerous, the appearance is generally 
of a loose mesh with thickenings where the chromatin threads meet. The 
cytoplasm is a pale greyish-blue colour, sometimes pale violet, and with critical 
illumination well-stained slides show reddish-blue granules much finer and 
more numerous than those of the neutrophil. In the pathological series particu- 
larly, monocytes were found with polymorph nuclei showing three, four or even 
more lobes, the staining reaction being always that of the typical monocyte. As 
many of this type had vacuolated cytoplasm, it is considered that they were senile 
or degenerating from pathological causes. 

The occurrence of cells other than the above in normal blood is seldom 
mentioned. Dieulafoy (1912), however, says certain rare or abnormal elements 
occur, not exceeding 1 to 2 per cent. These he gives as plasma cells, mono- 
nuclear basophils, myelocytes and maztzellen. Osgood and Haskins (1931) 
define metamyelocytes, or cells intermediate between staff cells (Stabkernige) 
and myelocytes thus: — “any cell with specific granulations in the cytoplasm 
which has a nucleus which is not segmented and cannot be described as either 
round or oval, nor as a curved or coiled band, should be classed as a metamyelo- 
cyte.” It is said that metamyelocytes occur rarely in normal blood, while 
Nicholson (1934) states there is less than 1 per cent, in the blood of normal 
people. Gradwohl (1935) agrees that they are found very occasionally in a 
percentage of 0 to 1. Osgood and Haskins (1931) criteria for distinguishing 
these, and other unusual cells, have been adopted here as they are clear, 
distinct and perhaps the least liable to cause confusion. 
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The myelocyte is a cell with a round or oval nucleus which does not contain 
nucleoli, and has neutrophilic or very slightly basophilic c 5 Uoplasm containing 
specific granulations, but not azur granules. ISJo myelocytes were found in the 
normal group. 

Promyelocytes are intermediate in structure between stem cells or myelo- 
blasts, and myelocytes. 

Stem cells, mj^eloblasts, or lymphoblasts have deeply basophilic cytoplasm, 
and a relatively large round oval nucleus containing nucleoli, which though 
finely reticular is almost homogeneous. Azur granules may occur in the cytoplasm. 
The distinction between myeloblast and lymphoblast depends on criteria so 
slight as to be unreliable, though in pathological bloods the predominant features 
of the differential count often make it possible to place a cell in one of the two 
groups. PiNEY (1931) and also Gradwohl (1935) describe a monoblastic type 
of stem cell, and while some specimens were found which resembled their 
descriptions in certain respects, none fitted them exactly. It has been thought 
best to include all these under the term stem cells, particularly as they only 
occurred sporadically. 

The Rieder cell resembles the stem cell except that the nucleus is a coiled 
or curved rod or band, though its internal structure is that of the myeloblast. 
The ones found here were all smaller than stem cells. 

Plasma cells have an eccentric nucleus and a large amount of very basophilic 
cytoplasm, the circumnuclear area being paler than the remainder. They have 
little diagnostic value, but are sometimes found in the course of infections which 
cause a lymphocytosis. None occurred in any normal blood of this series. The 
Tiirk irritation form has the cytoplasm of the plasma cell, is often vacuolated, 
while the nucleus resembled that of the stem cell. Some authorities believe 
they are identical with the plasma cell. They occur in many conditions in which 
there is assumed to be an irritation of the bone marrow, but are not considered 
of diagnostic significance. 

The basis and methods of the polynuclear count have been fully discussed 
in the two previous papers in these Transactions. It will suffice to say it gives 
an index of mean maturity of the neutrophilis. 


Results. 

The principal statistics of the normal group are given in Table II. As 
graphic comparison is often more vivid than numerical, frequency histograms 
of this and the pathological groups are shown in the diagram on p. 314. In 
the figure the pathological sets have been stepped up to the same percentage 
scale as the larger normal group to facilitate comparison. As the numbers of 
basophils and “ abnormal ” cells is so small, standard deviations, etc., have not 
been calculated for them but a detailed analysis is set out in Table VII (p. 319). 
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Table II. 

400 NORMAL INDIVIDUALS. 



Mean. 

Standard 

Deviation. 

1 

j Standard 
i Error. 

i 

Coefficient 
of Variation. 

Rai 

ige. 

Low. 

High. 

PoKmorphs 

57-10 

7-23 

1 0-363 

12-66 

35-5 

75-0 

Eosinophils 

3-G3 

2-67 

0-113 

62-49 

0 

13-0 

Lymphocj'tes 

26-07 

7-25 

0-363 

27-87 

9-0 

48-0 

Monocytes 

13-OS 

4-57 

0-228 

34-93 

3-0 

29-5 

Polynuclear index 

1-SG4 

0-206 

0-103 

11-08 

1-30 

2-51 


It will be seen that the mean percentage of the different cells does not add 
up exactly to 100. This is due to the method of grouping the data. By centering 
a group at the middle value of its range of .v (instead of its mean value which would 
be ideal, but practically laborious) a certain error is introduced, and it is this 
error (which in practice is nearly negligible) which has accumulated over the 
averages of the different cell groups and produced the discrepancy. The danger 
of the statistical method is to strain after greater accuracy than the conditions 
of the experiment warrant, and while it would be possible to extract means for 
these percentages which would total 100, the results would not justify the labour 
necessary, and the additional fineness would not be consistent with the method 
of the obseiY’ations. 

Compare the normal polymorph data with those in Table I. The mean 
is 10-9 per cent, less, and the range is 15 per cent, greater than the extreme 
range which, it will be remembered, was only given by two authorities out of 
forty-three. The question which immediately appears is whether the present 
results constitute a probable or an improbable event. Characters of not 
excessively small probability when sampled in a large number of trials tend to 
normal distribution under a wide variety of circumstances. Statistical tests 
were therefore applied to discover the type of curve given by the experimental 
results. Following the method of Elderton (1927) the cun^e criteria of Pearson’s 
system of frequency curves were calculated, then by means of his table it was 
decided which curve should be used. 


Table III. 

CURVE CRITERIA OF DISTRIBUTIONS IN NORMAL GROUP. 



1 

K 

Polymorphs 

0-00001732 

2-6671 

-0-00001958 

Lymphocytes 

0-13806 

2-8760 

-0-15656 

Monocytes 

0-5684 

' 3-4592 

-0-89936 

Eosinophils 

1-2185 

1 4-4476 

-1-6944 

Polynuclear index 

0-001628 

j 2-8520 

-0-004071 
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The polymorphs and lymphocytes satisfy the criteria for the Normal or 
Gaussian curve fairly well, that is = 0. = 3. k = 0. The next step was 

to fit a normal curve to the distribution and examine the agreement by means 
of the test. The area method of fitting the normal curve was used (Arkin 
and Colton, 1935). The details are set out in Table IV. The data in column 6 
were derii^ed from the table given by Pearl (1930). 

, Table IV. 

FITTING A NORMAL CURVE TO THE POLYMORPH DISTRIBUTION. 





Deviation 

Deviation 

Per cent. 

Per cent. 


Class 

Class 

Frequency 

of class 

in terms 

area 

area in 

Theore- 

limits. 

mid 

of class 

limit 

of class 

bettveen 

class 

tical 


points. 


from mean 

interval 

class limit 

inten-al. 

frequency 




X 

xiar 

and mean 


ft 

3.5-37 (19 

36-5 


22-3 

3-08 

49-90 

0-28 

I-l 

38-40-99 

39-5 

2 

19-3 

2-67 

49-62 

0-84 

3-4 

41-43-99 

42-5 

7 

16-3 

2-25 

48-78 

2-07 

8-3 

44-46-99 

45-5 

20 

13-3 

1-84 

46-71 

4-49 

18-0 

47-49-99 

48-5 

33 

10-3 

1-42 

42-22 

7-84 

31-4 

50-52-99 

' 51-5 

53 

7-3 

1-01 

34-38 

12-14 

48-6 

53-55-99 

54-5 

58 

4-3 

0-59 

22-24 

15-10 

60-4 

56-58-99 

57-5 

62 

{ 

0-18 

0-23 

7-14\ 
9-10 / 

16-24 

65-0 

59-61-99 

60-5 

58 

4-7 

0-65 

24-22 

15-12 

60-5 

62-64-99 

63-5 

44 

7 *7 

1-06 

35-54 

1 1 -32 

45-3 

65-67-99 

66-5 

28 

10-7 

,1-48 

43-06 

7*52 

30-1 

68-70-99 

69-5 

24 

13-7 

1-89 

47-06 

4-00 

16-0 

71-73-99 

72-5 

6 

16-7 

2-31 

48-96 

1-90 

7-6 

74-76-99 

75-0 

3 

19-7 

2-72 

49-67 

0-71 

2-8 


Fisher (1932) states, “ For any value of n, which must be a whole number, 
the form of distribution of /- was established by Pearson in 1900 ; it is therefore 
possible to calculate in what proportion of cases any value of will be exceeded. 
This proportion is represented by P, which is therefore the probability that 
■/} shall exceed any specified value. To every value of there thus corresponds 
a certain value of P ; as yj- is increased from O to infinity, P diminishes from 
1 to 0. Equally, to any value of P in this range there corresponds a certain 
value of y\ Algebraically the relation between these two quantities is a complex 
one, so that it is necessary to have a table of corresponding values if the y} test 
is to be available for practical use.” 

In applying the Py-, the small frequencies at the ends of the distribution 
were pooled into single larger classes. The use of y} rests on a mathematical 
approximation which is satisfactory if class frequencies exceed 10 or 12, but is 
somewhat in error if any very small frequencies are present. Further, since the 
mean and standard deviation were not given a priori, but were computed from 
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the data, it was necessar)’’ to allow for this amount of forced agreement by 
subtracting what Fisher calls “ degrees of freedom,” that is, to find, n the 
point at which his table of Px“ is entered, 2 is subtracted from the number of 
classes (one for the mean, and one for the standard deviation). The method of 
determining 7 ," is shown in Table V. 

'rAlU.E \'. 

“ GOODNESS OK FIT ” — DATA OF TAHLE 1\’. 


Class 

mid 

point. 

Observed 

frequency 

f 

1 

Theoretical 

frequenev 

f. 

1 

(f — f,) 

(f - ft)= 

1 

(f - f,r- 

It 

30 -5 

2 

M 

1 

■ 

' 

! 

3 9 -5 

2 

3-4 

-1-8 

3-21 

0-2.73 

42 -i-) 

7 

8-3 




45-5 

20 

18-0 

2-0 

4-00 

0-222 

48-5 

33 

31-4 

I-O 

2-50 

0-082 

51-5 

.73 

48-0 

4.4 

19-30 

0-398 

o4-5 

oS 

00-4 

-2-4 

5-70 

0-095 

57-5 

02 

05-0 

, -3-0 

• 9-0 

0-1.39 

60-5 

58 

00-5 

! -2-5 

6-2o 

0-103 

63-5 

44 

45-3 

-1-3 

I -69 ft 

0-037 

66-6 

28 

30-1 

! _2.i 

4-41 

0-147 

09-0 

24 

10-0 

1 8-0 

64-0 

•1-000 

72-. 5 

0 

7-0 

1' , . 






> -1 ■ 

1-96 

0-188 

75-5 

3 

2-8 

r 

: 








7- = 5-004 


Using Fisher’s (1932) table we find that for ?/ = 9 and y} = 5-664, that 
P lies between 0-8 and 0-7, and by interpolation the value is approximately 
0-77. This means that if the frequencies were normally distributed, we should 
expect to obtain a worse fit by a normal curve in approximately 77 per cent, of 
future samples of 400 cases. Hence for a sample of 400 the observed deviations 
from the normal cuiVe are in no way exceptional, and we conclude that the 
distribution of frequencies is adequately represented by a normal curve. 

In similar fashion the theoretical normal curve was constructed for the 
polynuclear index, the 7 - test applied, and P was found to be 0-84, that is, a 
satisfactory fit. Likewise the data for lymphocytes was similarly treated, and 
P was 0-59 which is rather less good owing to the presence of slight positive 
skewness, but still may be considered a satisfactory fit. The monocytes and 
eosinophils appear to satisfy the criteria for PEARSON’.sType I curve rather than 
any other, but this point was not pursued since it did not seem that any con- 
clusion that might be drawn would be immediately useful. It Avould not be 
expected that these two distributions would be of the ” normal ” type for 
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they form a relatively small proportion of ev’^ery hundred cells examined, and 
the means are relatively small numbers. 

The number of basophils found was so small that no distributions were 
attempted. The statistics are given in Table VI, and those for the pathological 
material are included for the sake of brevity. 

Table VI. 

OCCURRENCE OF BASOPHILS. 



Normal. 

Malaria. 

Leprosy. 

. 

Tuberculosis. ! Phlebotomus 
Fever. 

Bilharzia- 

sis. 

Number of cases 

400 

300 

133 

1 

133 

130 

mm 

Number with 
basophils 

33 

52 

03 

31 

9 

53 

Percentage with 
basophils 

S'S 

17-3 

47-4 

23-3 

6-9 

53 

Average per case 

0-067 

0-102 

0*775 

0-169 

0-055 


Range, 0 to 

i -5 

1 

3 

j*r> 

I *5 

0 

In like manner the occurrence of so-called “ abnormal 

” cells is 

set out in 


Table VII. The figures in the first column are the percentages found for each 
kind of cell, and the corresponding figures in the subsequent columns give the 
total number of individuals in which each percentage occurred. 

One case might have T5 per cent, of metamyelocytes, 0-5 per cent, of stem 
cells, and say, 0-5 Rieder cells. This overlapping could not be readily shown, 
but the total effect can be gauged by inspecting the second and third lines of 
the Table. 

In Table VIII the statistics of the pathological material have been collected. 
To facilitate comparison the figures for the healthy population have been included, 
and the grouping has been made primarily in cell types rather than diseases. 
The mean and standard deviation require no explanation. The Standard Error 
of the mean has been used in preference to the Probable Error, following Fisher 
(1932) who says : “ The common use of the probable error is its only recom- 
mendation ; when any critical test is required the deviation must be expressed 
in terms of the standard error.” If instead of making one series of N observa- 
tions, a large number, m, of a series of means were obtained, each series having 
the same number of N observations, the in means would be distributed in a 
normal curve, the standard deviation of which is crf-^/W = the standard error of 
the mean. Since 99-73 per cent, of cases in this universe will be included within 
a distance of 3 standard deviations from the mean, then in 99-73 chances out of 
100 no error (difference between the sample mean and “ true ” mean) will occur 
larger than 3 times the standard error. The coefficient of variation, v = 100 
or the percentage ratio of the standard deviation to the arithmetic mean, was 
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Table VII. 

OCCURRENCE OF SO-CALLED " AD.N'ORMAL " CELLS. 


! 

i 

1 PcrccntaRcs. 

1 

Normal 

Malaria. 

Leprosy. Tuberculosis. 

j 

Phlcbotomus 
! Fever. 

1 Bilharziasis. 

Number of cases 

1 

» 

400 

300 

, 

* 

133 ' 133 

130 

‘ 100 

Total with abnormal 







cells 


242 

237 

72 SI 

110 

51 

Percentage with 







abnormal cells , 


oo-r. 

79 

54-2 02-3 

840 

51 

Metamyelocytes 

0 5 

107 

G3 

23 10 

2S 

' 13 


1-0 

57 

26 

8 0 

24 

»> 


1-5 

10 

21 

3 2 

16 



2 0 

4 

15 

2 0 

8 



2-5 

3 

0 

0 1 

n 



so 


s 

0 

1 

1 


sr. 

T 

o 

1 




4-0 

*> 

*> 





4-5 

T 

0 





5-0 


0 



1 


5*5 


0 



J 


60 


1 



I 


6-5 


1 




MycIoc>'tcs 

0-5 



10 

8 6 

8 

1 


10 


1 

1 1 




1-5 


o 



1 


2 0 


«) 





2*5 


1 




Promcylocitcs ' 

0-5 

6 

8 

1 — 

• 

1 


I'O 

6 

3 




Eosinophil-meta- ' 

0*5 

11 

1 

12 3 

3 

3 

myeolocytcs 

1-0 



0 


6 


1-5 



1 


1 

Eosinophil-myelocytes i 

0-5 

4 

1 

2 1 



2 

' 

1-0 






Basophil-metamyelo- 







cytes 

0-5 

— 

— 

1 

~ 


Macropolycytes 

0-5 

1 

10 

7 8 

1 

— 

Stem cells 

0-5 

34 

(i7 

16 27 

15 

8 


10 

5 

20 

1 6 

f> 



1-5 


9 

1 1 

O 



2 0 


G 

2 i 

0 



2-5 


0 

1 

1 



3-0 


1 

1 



Plasma cells 

i):> 

_ 

13 

7 8 ^ 

1 

S 


in 


12 

0 5 


o 


15 


1 

1 


0 


2-0 


1 



1 


2-5 


0 





3-0 


0 





3-5 


1 



1 


4-() 


0 

t 




4*5 


0 





5-0 


0 

, 




5*5 


0 





60 


1 

1 



Ricdcr cells 

0 5 


3 

— 1 



4 


10 



1 1 


2 

Tiirk cell 

0-6 

3 

25 

16 11 

9 

11 


1-0 


17 

3 

3 

3 


1-5 


3 

1 1 




2-0 


4 

1 1 




2-5 


2 

1 




3-0 


1 







0 

1 




5-5 


1 







0 

1 i 




8-5 


1 

1 1 








.■?20 


l-EUCOCYTE riCTURE. 


devised by Pearson (quoted from Yule, 1932) as a measure of relative dispersion. 
It is a mere number and is independent of the units of measurement employed, 
but is useful in the comparison of the amount of dispersion in differing groups. 

The curve criteria for the pathological data have not been calculated since 
the groups are much smaller than the healthy population, too many uncontrolled 
variables enter into them, and the information derived from classifying these 
distributions would have little medical importance. An inspection of the 
histograms on p. 314 shows most are more skew than the corresponding normals 
but with the exception of the eosinophils in bilharziasis, they do not depart 
from the “ expectation of distribution.” These eosinophils have a very wide 
range so that the number of classes on the same scale as the others is large while 
the number of cases in each class is relatively small. It is probable that if, 
say, 1,000 cases had been examined, the distribution of the population would 
approximate to ” normal ” though slight skewness might occur. 

The data in Table VIII enables us to discover if the groups differ signifi- 
cantly from each other, that is, whether the observed differences are small 
enough to be within the limits of sampling error or whether they are so great 
that the event of their being determined by chance is highly improbable. In 
the present instance the only important differences are between each of the 
pathological groups and the healthy group. The standard error of the difference 
of two means (standard deviation of the theoretical distribution of differences 
between means of samples) can be obtained from the equation ; — 

/ 0 -," 


N, 


T 


N, 


Where 


*^1 

O’, 

Ni 

N2 


Standard deviation of the first sample, 
standard deviation of the second sample, 
number of items in first sample, 
number of items in second sample. 

If the difference between the means is greater than 3 X the standard error 
of the difference between the means (that is, if the probability of such a difference 
being due to chance is very small) one can say the difference is significant and 
not due to chance. The results of the application of this test are given in 
Table IX. The columns headed “ Difference ” refer to the difference between 
the mean in each case and that of the healthy population. The difference is 
not significant in four instances only ; the eosinophils in tuberculosis, the 
lymphocytes in phlebotomus fever, and the monocytes in malaria and leprosy. 


Discussion. 


The analysis of the results of the differential counts is consistent with the 
general expectation of the distributions of biological commensurables, and it 
may be concluded that the samples are fair representatives of the particular 
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Table VTII. 


STATISTICS OF PATHOLOGICAL MATERIAL. 



1 

1 

Mean. 

Standard 

Error. 

+ 

Standard 

Deviation. 

Coefficient 
of variation. 

[ 

i Range. 


1 

j 

1 Low. 

1 

High. 

Polymorphs 

1 

Normal | 

57-10 

0-363 

7-23 

12-66 

' 35 

75 


Malaria 

G6-18 

0-628 

10-88 

16-44 

26 

90 


Tubercle 

G8-10 

0-843 

9-72 

14-28 

38 

93 

i 

Leprosy 
Phlebotomus | 

47-87 

1 -055 

12-IG 

25-41 

12 

75 


fever 1 

44-92 

0-860 

9-79 

21-80 

18 

60-5 


Bilharziasis I 

1 

42-98 

1-004 

10-44 

24-32 

19-5 

67-5 

Polynuclear 

Normal 1 

1-8G4 

0-0103 

0-206 

11-08 

1-30 

2-50 

index 

Malaria ^ 

1-207 

0-0079 

0-137 

11-36 

1-04 

1-78 

> 

Tubercle j 

1-342 

0-0151 

0-174 

12-95 

1-03 

1-96 

1 

Leprosy 1 

Phlebotomus J 

1-513 

0-0184 

0-213 

14-10 

1-13 

2-44 

1 

fever 

1-188 

0-0089 

o 

o 

8-50 

1-04 

1-57 

I 

1 

Bilharziasis 

1-700 

0-0188 

0-188 

11-07 

1-23 

2-22 

Eosinophils | 

Normal 

3-G3 

0-113 

2-67 

62-49 

0 , 

13 

! 

Malaria 

1-99 

0-635 

1-10 

55-20 

0 

7 

I 

> 

Tubercle 

4-27 

0-244 

CO 

65-91 

0 

10-5 

1 

Leprosy 

Phlebotomus 

6-54 

0-360 

i 

4-15 

63-41 

0 

25 

i 

fever 

1-46 

j 0-010 

1-18 

81-10 

0 

7 

' 

Bilharziasis 

26-89 

’ I -002 

10-02 

38-72 

9-5 

56-5 

Lymphocytes 

Normal 

26-07 

1 0-363 

7-26 

27*87 

9 

48 


Malaria 

19-70 

' 0-492 

8-51 

43-23 

3 

50 


Tubercle 

19-51 

i 0-702 

8-08 

41-48 

3 

45 


Leprosy 

Phlebotomus 

31-98 

' 0-860 

9-97 

31-34 

13 

58 


fever 

28-12 

1 0-837 

9-54 

33-96 

4-5 

57 


Bilharziasis 

23-18 

0-645 

( 5 . 4-5 

27-84 

10 

40 

Monocytes 

Normal 

13-08 

0-228 

4'57 

34-93 

3 

29-5 


Malaria 

12-58 

! 0-379 

0-55 

52-08 

I 

38 


Tubercle 

9-24 

j 0-311 

3-59 

38-86 

1 

20 


• Leprosy 
Phlebotomus 

13-21 

' 0-511 

5-89 

44-59 

2 

39 


fever 

22-34 

■ 0-579 

6-59 

29-54 

5*0 

39-5 


Bilharziasis 

8-56 

1 0-331 

3-31 

38-66 

1 

17 





Ii22 


' LEUCOCYTE PICTURl-. 


3 

§ 



DiflFerencc not significant. 
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universes. The percentage count is divided into unequal classes, three (neutro- 
phils, lymphocytes and monocytes) being considerably larger than the others. 
The larger classes would be expected to approximate to the normal curve, 
though probably with some degree of skewness. The smaller classes would not 
be expected to fit the normal curve as the means are under 10. The histograms 
of the normal neutrophils and lymphocytes are slightly platykurtic, that is, 
;8„ is less than 3, being 2'667 and 2-867 respectively. The difference is not 
statistically significant. The standard error of the kurtosis is : — 

‘'jS, = _ 0-245 

V N 

and 3°^^ is greater than the actual difference. The normal monocytes are 
slightly, ‘but not significantly, leptokurtic, ^2 being 3-459, but the curve is also 
more skew. The measure of the skewness suggested by Pearson is the distance 
between the mean and the mode divided by the standard deviation, or in terms 
of moments 

_ (^2 + 3) 

~ 1 ( 5^0 — 6 ^, — 9) 

The larger the value of -/., the greater is the departure of the curve from 
symmetry. Applying this equation to the values given in Table III, we have 

for normal neutrophils x = 0-0833 
for normal monoc}’tes x = 0-4984 

Of the normal group the monoc}'tes differ most from the text-book standard. 
When at first some very high monocyte counts were found the results were 
viewed with suspicion, the most obvious possibility of error was that some 
lymphocytes were being classed as monocytes. Thereafter great care was taken 
to avoid this, but no difference resulted. It has been noted that degenerate 
cells were more commonly encountered here than in Britain, and that cells 
occurred which were difficult to classify as between lymphocytes and monocytes. 
Both factors required careful attention, and it is emphasised that when doubt 
arose all criteria of each class were considered before a decision was made. 
While the average monocyte range of the text-books is from 3-8 to 6-8, Martinet 
(1934) gives a range of 12 to 15, Chiray and Chene (1934) from 10 to 12, and 
Nicholson (1934), Whitby and Britain (1935), and Wood (1918) give ranges 
of 5 to 10 per cent. In view of these figures, and the frequent statement that 
monoc}T:es tend to increase in the tropics (though we have not seen the extent 
of the increase mentioned) the mean of 13-08 per cent, found here does not 
appear so unlikely. Further, in a sample of 400 values normally distributed 
about a mean of 13, a few values exceeding 25 would be expected. After careful 
consideration it has therefore been concluded that the data for the monocytes 
give a true picture of the sample, and have not been significantly disturbed by 
avoidable errors. 

Similar doubts were felt as to the validity of such high counts as over 
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10 per cent, eosinophils. The cases in which these occurred were symptomless, 
and negative to repeated tests for worm infection. Poindexter (1935) has 
reported on 401 apparently healthy negroes in Alabama who were negative for 
malarial parasites, helminthic parasites in the stools, tuberculin reaction; and 
who had no history of any disease usually associated with eosinophilia. He 
found an average of 8-3 per cent, eosinophils over all, and in the age groups 
5 to 9 and 15 to 19, percentages of 12-7 and 10-3 respectively. Petersen (1936) 
reports high eosinophil counts from Hawaii. Stitt (1929) refers to Neisser’s 
belief that increased eosinophil may be an expression of sympathetic system 
irritation ; and there is some evidence that the latter is a factor worth considering 
in Iraq. Further, a symptomless familial eosinophilia is well recognized, though 
reports are few. Again, the figures maybe accepted as a true reflection of the facts. 

Relatively high numbers of the so-called “ abnormal cells ” were observed. 
Desultory references to the occurrence of these in normal blood has been made 
by Dieulafoy (1912) and other authors, though they are more frequently passed 
over. Metamyelocytes constituted the bulk of the unusual types in the normal 
group, the next most numerous being stem cells. Both tend to appear when 
the marrow is stimulated to extra activity and the evidence afforded by the 
polynuclear count indicates that this stimulation does in fact take place. Macro- 
polycytes are dealt with fully by Kennedy and Mackay (1937). 

The normal percentage of basophils is usually given as 0 to 1, with an average 
of 0-5, but the proportion of people in whom they are absent is only mentioned 
by Cooke (1928) {ca. 60 per cent.). In the course of 11 years’ teaching histology 
in Edinburgh to classes of over 200 students difficulty was always experienced 
in finding basophils for demonstration in the students’ blood films, and though 
no records were kept, the impression is that they occurred in about 10 per cent, 
of the films. The incidence of basophils in 8-8 per cent, of normals here cannot 
be regarded as unusual. 

The distribution of the polynuclear counts fits the normal curve well and 
it can be accepted as a true representation of the faets. As the basis of the count, 
and its special relation to Iraq have been discussed in the previous papers, this 
need not be repeated here. 

Data from a similar group of healthy Britons were not available for statistical 
comparison but the consensus of opinion in standard text-books makes it 
reasonable to conclude that there is an alteration of the leucocyte picture in this 
country, though it should be added that other recent work tends to throw doubt 
on the validity of accepted standard. Osgood and Haskins (1931) in Oregon 
are of the opinion that the neutrophil range of 55 to 75 per cent, (average 64 per 
cent.) is from 5 to 15 per cent, too high and the figures for lymphocytes are 
correspondingly too low. They are certain that neutrophil counts over 70 per 
cent, must be interpreted with caution. It is, however, generally agreed, that 
blood cell changes occur in the tropics, though more attention has been paid 
to erythrocytic differences than to leucocytic. 


\V. I>. KKNN'RDY. 




Observations have been made indicating that alterations of geographical 
locale other than tropical apparently influence the blood picture. Gansslen 
(1937) has recently reported regional differences in leucocyte counts in patients 
suffering from other than blood diseases in Tubingen and Frankfort, and notes 
that he, and others who moved from Tubingen to Frankfort, underwent profound 
leucocytic changes. The total counts fell ; the percentage of lymphocytes 
approximately doubled. He concludes that the leucocyte count must , be 
influenced by geographical and climatological factors, though the precise nature 
is yet unknown. 

Stammers (1935) examined 171 healthy European adults in Johannesburgh, 
5,750 feet above sea level, and compared the blood picture with the means of 
68-2 per cent, neutrophils and 25-8 per cent, lymphocytes, which were derived 
from twelve standard texts. His results are given (a) in Table X which includes 
also his quotation from Sachs on 81 natives at Pretoria Mental Hospital (b). 

Table X. 



Mean. 

Standard Error. 

Standard De^’iation. 

i Range. 

(a) Neutrophils 

54-2 

0-510 

fi-070 

38-0-73-0 

Eosinophils 

J-88 

0-094 

,1-231 

0-2- 7-0 

Basophils 

0-6<J 

0-042 

0-548 

0-0- 2-0 

Lymphocytes 

89-72 

0-478 

G-190 

21-0-55-3 

Monocytes and 
transitional 

4-24 

0-097 

1-272 

1-7- 7-5 

(b) Neutrophils 

54-70 

0-247 

3-23 

38-0-72-0 

Lymphocytes 

3()-80 

0-.578 

7-5() 

21-0-53-0 


The most striking differences between these figures and those in Table II 
are for the lymphocytes, which are much higher here, and the monocytes, which 
are much less. 

Several papers have reported deviations of the polynuclear count from 
Cooke and Ponder’s (1927) standard in various localities. Among them 
Macleod gives figures for eleven widely scattered points from Alberta to 
Australia; others are Burke-Gaffney (1931) (Tanganyika); Shaw (1935) (Egypt) ; 
Shanklin (1936) (Syria); Pai (1936) (China), who also quotes Bannerjee (India); 
Abels (1934) (New York) ; similar deviations using Arneth’s (1904) method are 
recorded by Duke (1920) (Uganda) ; Breinl and Priestly (1934), Australia and 
New Guinea, quoted by Pai (1936) ; Chamberlain and Vedder (1911) (Philip- 
pine Islands) ; Macfie (1916) (Gold Coast, quoted by Shaw). Significantly 
different counts have been obtained in these localities, but the distributions 
about the respective means show that the index is remarkably constant for each 
locality. Thus the validity of the method as a sensitive test of the neutrophil 
state is not impaired. Before it can be used clinically it is necessary to establish 
a local standard of reference. 
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After considering etiological factors which might be responsible for the 
alteration of the blood picture of British Airmen in Iraq, Kennedy and Mackay 
(1935 and 1936) concluded the likeliest agent was climate, which is in line with 
the opinions of most writers. One would not claim this is the only factor, but 
a circumspect examination of the airmen’s food, habits, exercise, health and 
general environment failed to disclose any other agency on which responsibility 
could be placed. 

Space does not permit a detailed discussion of the influence of climate, 
which will be made the subject of a further study dealing with variations in 
temperature, air density, ultra-violet radiation, etc. 

Pathological Material. 

This was less uniform than the normal group. No attempt was made, 
for example, to subdivide the cases according to severity of infection. The aim 
was to find the range of deviation which could occur in the leucocyte picture 
which might be met clinically in Iraq in any instance of the particular conditions. 
This is perhaps a somewhat crude criterion but in the absence of established 
figures it had to be applied before more stringent classifications could be used. 

Malaria. 

The usual teaching is that a monocytosis accompanies malaria. Whitby 
and Britton (1935) say an increase of the monocytes to the order of 15 per 
cent, is of definite diagnostic value. The present results are at first sight con- 
tradictory to this for all the means of cell types in malaria differ significantly 
from the normal standards except that of the monocytes. The neutrophils are 
increased, the lymphocytes and eosinophils diminished. But the coefficient of 
variation of the monocytes is greater (52-08 against 34-93), as also is the range 
(1-38 against 3-29-5). If the results were compared with the text-book per- 
centage for monocytes there would apparently be monocytosis. In the absence 
of data for a large control group of normal persons in some tropical locality, a 
practitioner there, never having occasion to examine normal bloods, might well 
be misled by the malarial differential counts into assuming the existence of a 
relative monocytosis. Further, some of the cases showed very high neutrophil 
percentages — up to 90. This would reduce the monocyte percentage, and lower 
the mean value over the series. 

The neutrophils may vary within wide limits as there is a leucocytosis 
during the paroxysm and a leucopenia in the apyrexial stage. Garin (1930) 
found a massive inerease of neutrophils prior to the paroxysm which diminished 
progressively during the attack, and in 72 cases there was a left deviation of 
the Arneth count. 

In the present instance 117 of the 300 cases showed no eosinophils. A 
high proportion of abnormal cells occurred, including notablj'^ myelocytes, 
macropolycytes, stem cells, Tiirk cells, and plasma cells. 
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When the sample population is drawn from a universe of malarial patients 
at all stages of the disease, the common factor being the presence of the parasite 
in the peripheral blood, a typical blood picture cannot be defined. It is possible, 
however, to say that for Iraq at least, monocytosis cannot be taken as a diagnostic 
character of malaria. 

Txiherculosis. 

Considerable variation in the blood picture may be found in the different 
kinds of tuberculosis. A low total count with a relative lymphocytosis is generally 
considered typical, and a leucocytosis combined with a marked “ shift to the 
left ” is taken as indicative of secondary infection. In the acute miliary form 
there may be extreme leucopenia with the majority of the cells neutrophils ; in 
less acute degrees there may be a neutrophil leucocytosis. The chronic pulmonary 
type in healing shows progressive changes from neutrophilic to monocytic to 
lymphocjmc predominance. Several authors state that monoc 5 rtes are increased. 
Medlar (1929) says there is no specific haemacytic reaction in the tuberculous, 
and that four variables are to be considered. First, the neutrophil plays the 
chief role in tuberculous abscess formation and in the extension of tuberculous 
ulcers ; second, lymphocytes predominate when the lesions are healing ; third, 
the monocyte is the chief cell of new tubercle formation ; and finally, the total 
leucocyte counts by themselves indicate roughly the amount of diseased tissues 
with which the leucocytes have to cope. This conception of the reaction to 
tuberculosis explains the Avide variation of blood picture which may be found. 

In the present cases the eosinophils do not differ significantly from the 
controls but the other cell types do. The polymorphs are increased ; lympho- 
cytes and monocytes are diminished. This is probably due to the incidence of 
secondary infection as the majority of the cases were well advanced, and only 
a few early ones were included. The mean polynuclear index was 1 -34. Cooke 
and Ponder’s mean index for ninety tuberculous patients in Britain was T82. 
Their standard deviation is not given, but on calculating it from their distribution 
it is found that the difference is significant. Cooke and Ponder’s tuberculous 
group Avas a miscellaneous one comparable to the Iraq cases. There is then, a 
greater “ shift to the left ” in tuberculosis in Iraq than in Britain, and so the 
deviation in the latter Avas also greater than A\'as found by Kennedy and Flint 
(1930) in surgical tuberculosis in SA\4tzerland, a fortiori, the Iraq results are still 
more “ left-handed ” than the Swiss. 

Leprosy. 

Stitt (1929) says that other than a secondary anaemia, the blood picture 
- is not characteristic, and Byam and Archibald (1922) state it is of no particular 
significance. An as extenswe as possible search through the large periodical 
literature on leprosy yielded onl)’' one paper on the Avhite cells. Arizcjmi (1933) 

E 
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states that the neutrophils are increased, the lymphocytes decreased, and the 
eosinophils few but may be increased. The cases in Iraq showed the neutrophils 
diminished, the polynuclear index slightly but significantly left-handed. Eosino- 
phils and lymphocytes were increased, the latter giving the highest mean of all 
groups, the monocytes were not significantly altered. One cannot exclude the 
possibility that the eosinophilia may be in part due to coincident helminthic 
infection. Though the stools of all the cases were examined for ova, and positive 
ones omitted from the group, I did not conduct this examination personally. 
Although only about half the cases showed any basophils, the average per case 
was 0-775 as against 0-067. Admittedly the numbers are very small and the 
statistical significance difficult to estimate, but one gains the impression that 
these cells are distinctly more common in lepers. The chief character of the 
leprous blood picture in Iraq is a lymphocytosis. Considering that the disease 
is of the granulomatous type, and that the deviation of the polynuclear index 
is small, one may conclude the lymphocytosis is at the expense of the neutrophils. 
A few total white counts did not show a significant leucocytosis, which confirms 
this view. 

Phlebotomiis Fever. 

This is common in Baghdad and most European residents suffer an attack in 
their first year of residence. The leucocyte state is usually given as a leucopenia 
with absolute neutropenia. 

In this series all the means differed significantly from the controls excepting 
the lymphocytes ; there was a neutropenia and monocytosis, while the eosinophils 
were reduced to less than half the normal figure. Had all the blood specimens 
been taken at the end of the first day the effect would probably have been greater. 
A number taken on the second and third days showed a tendency for the leuco- 
penia and monocytosis to be less marked. A striking character of the white 
cells was the large proportion which showed degenerative changes. Smear and 
basket cells were common ; the granulation of many neutrophils was deficient 
and even absent, and numbers of monocytes were vacuolated or had pale, diffuse 
cytoplasm and lightly staining nuclei, and the chromatin network had a washed- 
out appearance. Equally striking was the exceedingly low polynuclear index. 
The deviation was the most left-handed of all the groups. 

Although the fever is short and never fatal, the disease is characterized by 
an aftermath of depression both mental and physical which may last for months. 
This is more understandable when it is seen what a profound alteration in the 
blood picture results from an attack. 

Bilharziasis. 

Besides the general appearance of a secondary anaemia, the characteristic blood 
reaction of this disease is eosinophilia. In this series, the mean was 25 -9 compared 
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with 3-6 in the control, and the range was 9-5 to 56-5 per cent. This wide 
range in the relatively small number of cases flattened the frequency histogram 
but with regrouping the data or multiplying the number of subjects an approxi- 
mation to the normal curve would probably be obtained. The neutrophils were 
diminished and the index deviated significantly to the left but less so than any 
of the other groups. The smallness of the deviation is interesting in view of 
the severity of the condition in the majority of the cases. The lymphocytes 
were reduced slightly and the monocytes considerably. The absence of any 
marked leucocytosis leads one to the opinion that the eosinophilia is at the 
expense of the other cells. Over half the blood counts included basophils, and 
the percentage of basophils per case though absolutely low (0-46) was much 
higher than the control group value (0-067). Though no exact figures are 
available, one has the impression from these and other observations, that baso- 
phils tend to be more numerous in cases with eosinophilia. 


Conclusions. 

The aim of this communication will have been attained in the main if it 
succeeds in demonstrating the need for accurate measurement of haemic varia- 
bility in a population before standards of normality can be established. Extreme 
ranges and arithmetic means do not present an adequate picture of variability, 
and it is only by the application of statistical methods that a proper representation 
may be got. Data derived in this way are particularly necessary if different 
populations are to be compared whether they are of varying kind in the same 
locality, or of the same kind in different localities. 

1. The differential leucocyte count and polynuclear index of 400 carefully 
controlled healthy persons in Iraq (the majority being British airmen) are 
described and statistical tests have been applied to the data. The statistics show 
the variation of the population is consistent with the normal curve of frequency 
distribution, as would be expected on general physiological grounds. 

2. On comparing the results with an estimate derived from standard text- 
books of the differential blood picture in temperate climates, it is found that 
in Iraq the percentage of neutrophils is decreased, the percentage of eosinophils, 
lymphocytes and monocytes is increased. The polynuclear index is significantly 
lowered or deviated to the left. 

3. The range of normal variation is much wider than is given in any of 
the available text-books. 

4. The incidence of so-called abnormal cells, or cells not usually present in 
normal blood, is found to be greater than reported in standard works. This is 
taken to be evidence of irritability or greater activity of the haemopoietic system, 
and the contention is supported by the deviation of the polynuclear index. 
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5. It is suggested that the cause of the alterations in the blood are climatic 
but the detailed discussion of the evidence for this is left to a future paper. 

No other generally acting factor could be found, to which the blood changes 
could be ascribed, though the possibility of such a factor existing is recognized. 

6. Similar studies giving statistics and comparative standards are presented 
on the blood in malaria, tuberculosis, leprosy, phlebotomus fever, and bilhar- 
ziasis. As would be expected in all these diseases the blood picture differs 
significantly from the control group. The polynuclear index shows a shift to 
the left as compared with the normals, and it is concluded that the value of this 
test is not invalidated by the deviation of the control group from British standards 
for under pathological stimuli it becomes a fortiori greater. 

7. It is concluded that in Iraq at least, monocytosis is not a diagnostic 
characteristic of malaria. 

8. Considerable variation is found in the differential count of the tubercular 
cases, and the impression is gained that the ranges are greater than those in 
similar cases in Britain. The polynuclear count is also significantl)’^ deviated to 
the left as compared with a British group of tubercular patients. 

9. Relative lymphocytosis is a characteristic of the blood of lepers in Iraq. 
It is remarked that basophils are commoner in lepers than in the other groups. 

10. The leucocytic alterations in phlebotomus fever are profound and 
attention is drawn particularly to the very low polynuclear index, and to the 
prolonged after-effects of the disease. 

11. The wide range of eosinophils in bilharziasis is noted. The poly- 
nuclear count is just significantly deviated. 
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THE TREATMENT OF SLEEPING SICKNESS WITH 

NEOCRYL.* 

BY 

IAN S. ACRES, M.B., B.S., 

Bolobo, Congo Beige. 


At the request of the Therapeutic Trials Committee of the Medical 
Research Council, the “ Ci^darsan ” brand of neocrjd was tested clinically 
in a number of cases of sleeping sickness in the region of Bolobo. 

Neocr^'l (sodium succinanilomethylamide-p-arsonate) was originally pre- 
pared for the Chemotherapj' Committee of the Council by Sir Gilbert Morgan 
and his colleagues at the Chemical Laboratory, Teddington (Department of 
Scientific and Industrial Research). It was first tested by Warrington 
Yorke, Murg.atroyd et al. (1936),t who reported favourably on its actions 
in experimental tiy-panosome infections in animals, in human syphilis and in 
cases of Nigerian sleeping sickness. The “ Cr}darsan ” brand of the compound 
has been supplied to us in generous quantity by Messrs. May and Baker, Ltd., 
for the purposes of the trials described below. 

Selection of Cases. 

As far as possible consecutive cases were taken, the only condition being 
that there should be a fair possibility of following up the case for a number of 
years, so that later it might be possible to give a report on the ultimate results 
of treatment Mth neocrrd. 

Classification and Control of Cases. 

The series includes both first and second stage cases, while, in addition, 
there are three cases previously treated and found to be unresponsive to 
tryponarsyl (the Belgian equivalent of tr}^parsamide). Diagnosis was made in 
most cases by gland puncture, but in some cases the diagnosis was made on the 
symptoms and a suggestive cerebrospinal fluid, i.e., a high cell count of lympho- 
cytes, and in some cases vacuolated cells. Unfortunately, it was not possible 
to centrifuge the blood of these latter cases. 

Lumbar puncture was performed at the time of diagnosis and again at the 
end of the course of injections. In a few cases the albumin content was estimated 
but in general the progress of the case was estimated by the change of the cell 
content of the cerebrospinal fluid. If at the end of treatment the cell-count 

*.A report to the Therapeutic Trials Committee of the Medical Research Council 
on nventy-four cases treated at the Baptist Mission Hospital, Bolobo, Belgian Congo. 

f Yorke, W., MUrg.atroyd, F. etal. (1936). A new arsenical for the treatment of 
sj-philis and trypanosomiasis. Brit. vied. J. 1, 1042. 
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in the cerebrospinal fluid was nearly normal, i.e., between 5 and 10 cells per 
c. mm., then rest from treatment was given for 6 months ; if, however, the 
count was definitely abnormal, a rest of 1 to 3 months only was given. 

Treatment and Dosage. 

The dosage of the drug was calculated on the body weight of the patient, 
corresponding closely with the method described by Chesterman (1931) for 
tryparsamide. 


Dosage in grammes per kg. body 

weight. 

Isl Stage ; Child 

0-07 

Young person ... 

0-055 

Adult 

0-04.5 

^nd Stage: Child 

0-09 

Young person . . . 

0-07 

-Adult 

0-06 


The maximum dose used was 4-0 grammes and the maximum total dosage 
used was 42 grammes. Normally a series of 12 weekly injections were given, but 
in five cases (three first stage and two second stage) injections were given twice 
weekly and then it was calculated that the total weekly dosage should exceed 
the calculated dosage by 1 gramme, e.g., if the calculated dose by body weight 
was 3 grammes, then 2 gramme doses were given twice weekly, i.e., a total of 
4 grammes in the week. In one case 3 gramme doses were given twice weekly. 

A 40 per cent, solution of neocryl was used intravenously. 

It may be noted that normally the form of sleeping sickness with which 
we deal reacts very well to arsenic in the form of tryponarsyl. 

Clinical Records of Cases under Observation. 

For the purposes of description, the cases are divided into five groups, and a 
summary of the results of treatment is given in tabular form on pages 334 and 335. 

Group A. — First stage, with weekly injections. Cases with a cell count 
in the cerebrospinal fluid of up to fifteen cells were considered as in the first stage. 

Group B. — First stage, with injections twice weekly. In this series one 
early second stage case (B2 in the series) was treated as a first stage case. 

Group C. — Second stage, with weekly injections. 

Group D. — Second stage, with injections twice weekly. 

Group E. — Cases previously unresponsive to arsenical treatment. 

Reactions and Toxic Effects. 

In some of the cases, Cases A3, A4, C2, the temperature was taken 3 hours 
after the first injection ; in no case was it raised by more than 1° C. upon the 
resting temperature. 
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In none of the cases recorded in Groups A, B, C, D, was any toxic symptom 
recorded, except in Case C6, in which there was an indefinite history of dimness 
of vision. In one case, Case D2, a dose of 3 grammes of neocryl was given 
twice M-^eekly without untoward effect. 

In Group E, cases previously treated with arsenical compounds, there was 
one definite case (Case El) of severe ocular symptoms. 

Discussion of Clinical Results. 

It will not be possible to give any definite estimate of the value of neocryl 
until the results of a single course of treatment have been followed up for a period 
of years. From the immediate results obtained in this series, it is possible to 
form a rough comparison of neocryl and tryponarsyl, since dosage was similar 
to that used in routine treatment with the latter drug. 

Ill first stage cases the immediate results are satisfactory clinically and from 
the laboratory point of view : they compare favourably with those with 
tryponarsyl. 

In second stage cases the immediate results are not so satisfactory, and do 
not compare so favourably with those treated with tryponarsyl. It is usual, 
with the dosage of tryponarsyl that we employ, that the cell count in the cerebro- 
spinal fluid is reduced very considerably (usually below twenty cells per 
c. mm.) at the end of a single course of 12 weekly injections. It will be noted 
that this occurs in a number of the recorded cases with neocryl, but the reduction 
is not so marked, nor does it occur regularly. After treatment, with tryponarsyl 
rapid relapse is, in our experience, not common, and a single course if it does 
not give a complete cure, will usually give a year’s freedom from relapse. In two 
of the cases recorded, Cases C2 and C4, there are signs of relapse occurring 
2 months after treatment with neocryl. 

In one case (Case C6) trypanosomes were persistent in the gland juice 
after 33 grammes of neocryl had been given. This persistence has, however, 
been noted rarely with tryponarsyl, say, once in every 300 cases. 

Although perhaps the number of cases treated with injections twice weekly 
is not sufficiently large to give a fair comparison, yet no advantage was noted with 
the more frequent treatment, rather the contrary {vide infra). 

Throughout the series one has had the impression that neocryl is a less toxic 
drug than tryponarsyl, and in view of the large dose given with impunity in Case 
D1 (3 grammes twice weekly) it is possible that larger doses than those used 
in tryponarsyl treatment might be given with safety, and perhaps with advantage. 

Summary. 

1. A series of twenty-one cases of sleeping sickness were treated with 
neocrjd with dosage similar to that of tryponarsyl, the Belgian equivalent 
of tryparsamide : three cases previously unresponsive to arsenical compounds 
were similarly treated. 
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2. In first stage cases there was definite clinical improvement, and the 
immediate results as determined by gland and lumbar puncture were satis- 
factory. 

3. In second stage cases despite marked clinical improvement, the 
immediate results were not so satisfactory. The result of the treatment in these 
cases seems uncertain, in view of the rapid relapse of Cases C2 and C4, and the 
trypanosomes persistent in the blood of Case C6. In reference to this last case 
it is worthy of note that in the blood of some cases treated with tryponarsyl 
in our district trypanosomes can be found even after a full course of the drug. 

4. In cases previously treated by arsenical compounds the results were not 
encouraging. 

5. No advantage was found in giving injections twice weekly, although 
the number of cases treated thus does not perhaps permit a fair comparison. 

6. No definite toxic reaction was noted, except in cases previously treated 
with tryponarsyl. A dose of 3 grammes twice weekly was given without untoward 
effect in a normally developed man. 

7. It is impossible to compare the result of treatment with neocryl with that 
of tryponarsyl (tryparsamide) until the cases reported have been followed up for 
at least 2 years, but the evidence submitted in the addendum suggests that it 
is definitely inferior to tryponarsyl. 

In conclusion I wish to thank M. le Medecin en Chef, of the Medical 
Service, Belgian Congo, for permission to test neocryl on the patients under 
my charge at Bolobo. 

Addendum. 

Since the above paper was sent for publication, it became evident that 
there were many relapses. Accordingly I re-examined all the test cases before 
6 months had elapsed after their courses of treatment. The following gives a 
brief idea of the results : — 

Of nine first-stage cases, two have had to be taken under treatment again 
because of raised cell count in the cerebrospinal fluid. 

Of twelve second-stage cases, either seven or eight have relapsed and have 
been taken under treatment again. 

It is interesting to note that the two first-stage cases which relapsed were 
those that were treated by two injections weekly. This is a remarkably high 
relapse rate, and the symptoms have in most cases returned. It is usual for 
a patient to say that he had relief from the symptoms for perhaps a month, 
but then they returned. On the whole neocryl is apparently a somewhat 
dangerous drug to use in sleeping sickness, as it gives rather rapid clinical 
improvement which, however, is only temporary in second-stage cases ; the 
danger is in the treatment of patients who cannot be adequately followed up, 
and who, as in the case of some of those reported by Lester in the paper by 
Yorice, Murgatroyd, et ah, disappear before the end of treatment. 



Transactions of the Royal Society of 
Tropical A^edicine and Hygien’e. 
Vol.XXXI. No. 3. November, 1937. 


ENDEMIC ENLARGEMENT OF THE PAROTID GLAND 

IN EGYPT. 

BY 

M. R. KENAW, M.D.* 

Medical Tutor, Kasr-el-Aini Hospital, University of Cairo. 


Introduction. 


It is now 49 years since Mikulicz (1888) demonstrated the first case of the 
disease now called after his name and since known to be a hyperplasia of the 
lymphadenoid tissue of the salivary and lachrymal glands. Recently certain other 
affections of the salivary glands, especially the parotids, have been described : 
a recurrent pyogenic parotitis by Pyrah and Allison (1931), Pyrah (1933) and 
Payne (1933), as well as a non-infective type of recurrent enlargement described 
by Pearson (1935 and 1936). This last is associated with allergic conditions but 
may be complicated by secondary infection. 

Endemic parotid enlargement in Egypt differs from the above-mentioned 
forms in its clinical and pathological features. It is a chronic painless hyper- 
plasia common among agricultural workers, who are generally unaware of its 
presence. 

Various medical men in Egypt have referred to this condition. Sandwith 
(1905) attributed it to chronic parotitis or to some obstruction of Stenson’s duct. 

*I must record my grateful thanks to Prof. H. B. Day for his constant help and 
criticism ; to Prof. A. F. Bernard Shaw for his encouragement and for the pathological 
studies, and to Prof. M. Omar Bey for the help of his Department of Clinical Pathology 
in many of the investigations. 
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Day (1933) described it as occasionally associated with endemic (bilharzial) 
cirrhosis, while Biggam and Ghalioungui (1934) noticed it among Ankylostovia 
cases. 

Kieviet de Jonge (1928) described “ a curious broadness of the face 
recalling parotitis ” in beriberi. He stated that the parotid glands are enlarged 
and the enlargement is not due to oedema. Miller (1925), working on pellagra, 
noticed the condition and offered an explanation which is discussed later. 

In Madagascar a parotid enlargement known there as “ mangy” was 
described by Fontoynot (1911). Some cases are familial or hereditary and 
apparently resemble the Egyptian form. It is said to occur in localities 
resembling “ goitre belts ” and Fontoynot ascribes it to “ a low grade regional 
infection.” 


Clinical Features. 

The following account is based on a study of a hundred cases admitted to 
hospital for various diseases. 

Age. — Varies widely ; the youngest was a boy of 10 years, the oldest a 
man of 65. Most patients were between 20 and 40 years of age. 

Sex. — Males strikingly predominated. Only seven cases were in females. 

Family. — Three patients only could tell of a family incidence. 

Residence. — Most of the patients came from Lower Egypt, a considerable 
proportion from the neighbouring province of Giza. 

Occupatio7i. — ^All were agriculturists or field workers. 

Habits. — None of chewing were present. Only a few patients who 
harboured ankylostomes were mud-eaters. 

Diet. — This consisted mainly of maize bread, salted cheese and onions ; 
possibly its salt content might initiate much salivation. 

Onset. — No patient gave a history of acute parotitis ; the onset of the 
parotid swelling was gradual in the minority who were aware of the condition ; 
and in one case was watched in the early stage. 

Symptoms. — The condition gave rise to no complaints from the patients, 
who were admitted for some associated disease. Only five had noticed sialor- 
rhoea ; two of these harboured ascarids which might be responsible. 

Local SigJis. — The swelling of the cheek corresponded with the anatomical 
boundaries of the parotid. In eighty-two cases both parotids were enlarged, 
generally equally, though in ten patients the glands were of unequal size. The 
enlargement varied in degree ; when the swellings were marked it gave a 
triangular appearance to the face, hiding the lobules of the ears (Fig. 1, a & 6). 
The consistency was usually soft but tended to be firm when the gland was much 
enlarged. In one diabetic patient the glands were nodular. In eighteen of the 
hundred patients the enlargement was unilateral ; no less than sixteen of these 
cases were pellagrins. 




Fig. 2a. Fig. 2h. 


Fig. Irt. — Bilateral parotid enlargement, giving a triangular appearance of the face and 

hiding the lobules of the ears. 

Fig. \b. — Profile view of same. The left submaxillary gland is also enlarged. 

Fig. 2a . — Bilateral parotid enlargement before X-ray treatment. 

Fig. 2h. — Same, showing marked regression of enlargement after application of X-ray 

therapy. 
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Fig. 3 
Fig. 4 




Fig. 4. 

. — Mucous membrane, left cheek, showing Assuring. 

The opening of Stenson’s duct looks normal. 

. — Flask shaped and squamous epithelial cells in catheterized saliva, from a case of 
parotid hyperplasia and pellagra. 



Fig. 6. 


Fig. 5. — Sialogram showing marked dilatation of the main branches. Some tortuosity is- 

seen. 

Fig. fi. — Sialogram showing a “ leafless tree ” appearance and dilatation of the small 

ductules. 
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Fig. Sn. 


Fig. 86. 


Fig. la . — (Low power.) Photomicrograph from a normal parotid. 

Fig. 76. — (Low power.) Photomicrograph from a case of parotid hyperplasia of same age 
as Fig. la, showing hyperplasia of the ductules and compactness of the acini. 

Fig. Sn. — (Hitih power.) Photomicrograph of normal parotid. 

Fig. 86. — (High power.) A mild degree of hyperplasia from another case of enlarged 
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Inspection of the mouth showed no constant change in the appearance of 
the mucosa nor in the opening of Stenson’s duct. In some cases, generally 
pellagrous, there was Assuring or pigmentation inside the cheek ; sometimes 
both (Fig. 3). Ten patients had pyorrhoea, but in general there was no relation 
between any mouth infection and parotid enlargement. 

Other glands . — The submaxillary glands were enlarged on both sides in eight 
cases only. The lachrymal glands were enlarged in one case. 

ASSOCIATED DISEASES. 

There was no relation between the parotid condition and the general state 
of nutrition. The following table shows the associated diseases in one hundred 
cases ; — 



.Associated Dise.-\ses in 100 Cases. 




Number. 


Number. 

Pellagra 

• « < < . 

... 65 

Pure Anky/osto/na anaemia 

4 

Diabetes (manifest 

or latent) 

10 

Heart failure 

4 

Cirrhosis of liver . 


6 

Various (1 case of each)... 

11 


This table shows that the commonest disease associated with endemic 
parotid enlargement is pellagra (65 per cent.) ; the next being diabetes (10 per 
cent.). Owing to the occurrence of parotid enlargement in diabetics in other 
countries, this group must be considered separately, for which purpose the 
various associated diseases in the above hundred cases may be grouped as 
follows : — (a) a pellagrous group, sixty-five cases ; (b) a simple (non-pellagrous) 
group, twenty-five cases ; (c) a diabetic group, ten cases. 

The parotid enlargement was bilateral in all the diabetic cases, while 
si.xteen of the eighteen cases of unilateral involvement occurred in pellagrins. 
In the latter group the manifestations of pellagra varied in severity ; two patients 
also had cardiac beriberi. 


Groups (a) and {b). 


To determine the influence of other possible factors, an analysis of the 
cases in these groups gave the following incidence of various infestations : — 



(o) 

Pellagrous group. 
65 cases. 

(6) 

Simple non-pella- 
grous group. 

25 cases. 

Cirrhosis and splenomegaij' 

25 

6 

Intestinal parasites 

42 

8 

Ankylostorna 

24 

5 

Schistoiioma 7tiaiisoit{ 

IS 

5 

Ascaris 

13 

0 

Hvmenolepis iiaua 

0 

1 
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From the figures it is evident that pellagra is the commonest disease 
associated with the condition, and that cirrhosis and ankylostomiasis are present 
in less than half the total number. 

Anaemia. — There was no definite relationship between parotid enlargement 
and the degree of anaemia. Haemoglobin values varied from 12 to 90 per cent., 
and the red cell count from 1,250,000 to 5,050,000. The white count varied 
from 3,000 to 9,000. 

Gastric Function. — The gastric function was investigated in forty-five cases; 
high acidity was found in five ; absence of free acid in eight ; hypochlorhydria 
in five ; low normal curves in seven and normal curves in twenty cases. This 
variation seems to exclude any relationship between parotid enlargement and 
derangement of gastric functions. 

The Diabetic Group. 

Five cases had manifest diabetes ; one of these was insulin-resistant. Five 
other cases are included in this group ; they had diminished sugar tolerance but 
no glycosuria nor obesity. 

Flaum (1932) described a condition of diminished sugar tolerance without 
glycosuria, associated with parotid enlargement ; his cases occurred in middle- 
aged, hypertensive and obese persons. To separate endemic parotid enlargement 
from Flaum’s type in latent diabetes, it was found essential to test the sugar 
tolerance in a series of cases. Owing to some well-known abnormalities met with 
in the oral glucose tolerance test when used in cases of pellagra, dysentery and 
ankylostomiasis, the intravenous glucose tolerance test was employed to check 
the results. It was found that endemic parotid enlargement is not associated 
with any disturbance in the sugar regulating mechanism, with the exception of 
the ten cases described as the diabetic group. Further, the constitutional type 
of the patients differed from those in Flaum’s series. 

Relation to Pancreatic Function. 

In selected cases the efficiency of pancreatic digestion was tested by the 
method of “ nuclear digestion ” using Schmidt’s diet or thymus gland. Of ten 
cases, only two showed diminished pancreatic efficiency ; eight showed good 
digestion. 

Diastatic Index. — Dunlop (1933) recorded a rise in the diastatic index in 
sixty cases of mumps. The diastatic index was estimated in a series of twenty- 
eight cases of endemic parotid enlargement. Only eleven cases gave readings 
above 30 ; two of them gave 32, the others between 40 and 1 12 units. 
Three of the high readings were in cases complicated by bilharzial 
cirrhosis, and can be excluded because of the possibility of bilharzial disease 
of the pancreas (Day, 1933). Therefore only six cases of pure parotid enlarge- 
ment showed a definite rise in the diastatic index out of the twenty-eight 
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examined. Whether this rise indicates a pancreatic affection or not is uncertain ; 
no involvement was found in cases examined at autopsy, and the complication, 
should it occur, appears to be quite unusual. Renal disease was excluded in 
cases showing a normal index. 


INCIDENCE. 

The incidence of parotid enlargement was investigated at two provincial 
hospitals devoted to the treatment of endemic diseases. 


1 

Total. 

1 

1 

Male. 

Female. 

Shanshour Hospital — 




Number of patients seen 

4,070 

2,157 

1,919 

of parotid cases 

80 (2%) 

69 (3-5%) 

11 (0-5%) 

Kalleen Hospital — 




Number of patients seen 

1,585 

1,041 

544 

.. of parotid cases 

24 (l-5%) 

23 (2-2%) 

1 (0-2%) 


It should be mentioned that at Kalleen ankylostomiasis is rare, but parotid 
enlargement common. 

Incidence among Pellagrins. — This was determined approximately from the 
admissions to Kasr-el-Aini Hospital from November, 1935, to October, 1936. 
Of 201 cases of pellagra admitted, sixty-five had parotid enlargement, giving an 
incidence of 32-2 per cent. 


STUDY OF THE SALIVA. 

Cytological and Bacteriological. — Microscopic examination of the catheterised 
saliva from Stenson’s duct occasionally showed peculiar flask-shaped cells, a few 
pus cells and squamous flat cells in cases of parotid enlargement, especially when 
pellagra was present. Some cases of severe pellagra without parotid enlargement 
gave similar findings. The saliva was always clear and alkaline in reaction. 
No organisms were seen and cultures were uniformly sterile. The microscopical 
picture is shown in Fig. 4. 

In the recurrent pyogenic parotid affection described by Payne these flask- 
shaped cells were also seen, and sometimes “ duct casts ” ; but organisms were 
also demonstrated. 

Physiological. — The following investigations were made : — 

A — Estimation of the ptyalin content of the saliva in cases of enlarged 
parotids of varying degree, with different associated conditions, and also in a 
series of normal controls. B — Determination of the response of enlarged and of 
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normal parotids to pilocarpine. C — Estimation of the total solids and of the 
calcium content in normal and enlarged parotids. D — Estimation of the thio- 
cyanate content of the saliva from normal and enlarged parotids. 

A — Ptyalin Content of Parotid Saliva. — Cole’s method (Cole, 1926) was 
used. The range of the ptyalin content in thirty-one normal Egyptians varied 
between 4,000 and 31,000 units per 100 c.c. saliva. One dark coloured individual 
gave a higher range (72,000 units), and some diurnal variations were also 
observed. In twenty-nine patients with parotid enlargement (including diabetics) 
the range varied from 4,400 to 40,000 units. Two cases of mumps gave figures 
of 11,200 and 16,000 respectively. 

There is therefore no diminution of the ptyalin content of the parotid saliva 
of patients with parotid enlargement as compared with normal Egyptians. 

B — Response to Pilocarpine. — Saliva was collected by catheter after injection 
of pilocarpine and drainage maintained for half an hour. The average response 
in normal controls was 24-7 c.c. per 30 minutes, and that of enlarged parotids 
(diabetics included) 42 c.c. This shows that the secretion of saliva in cases 
with enlarged parotids is far greater than that of the normal gland. The output 
was nearly proportionate to the degree of enlargement. It is interesting to find 
that very few of these patients complained of sialorrhoea. 

C — Total Solids and Calcium Content. — The average total solids in saliva 
from enlarged parotids was 0-57 gramme per cent, and the calcium 6-9 mg. per 
cent. ; from normal controls 0-65 gramme and 7-9 mg. respectively. This 
shows lower figures for enlarged parotids. The difference, though small, could 
be accounted for by the invariable absence of potassium thiocyanate in cases of 
enlarged parotids {vide infra), and also possibly by the normal variability of 
the calcium content of saliva. 

D — The Thiocyanate Content. — This was estimated in a series of ten patients 
only of the endemic group. The normal range in controls varied between 
0-00025 and 0-005 per cent., while in cases with enlarged parotids it was totally 
absent from parotid as well as from mixed saliva. This was proved to be due to 
deficiency of thiocyanate and not to failure of its excretion by the salivary glands, 
for when thiocyanate or thiosulphate was administered, thiocyanate was demon- 
strated in saliva from enlarged parotids in amounts within the normal range. 

RADIOLOGICAL STUDY. 

Sialography with lipiodol injected into Stenson’s duct by a Luer needle 
and record syringe was performed on a series of patients, and also on normal 
controls. The following appearances were found and are illustrated : — 

{a) Spherical dilatations of the ends of the small ducts. This “ bronchiec- 
tatic ” appearance was seen also by Payne in recurrent pyogenic parotitis and 
by Pearson in the allergic type. 

(5) Fusiform and segmental dilatations affecting the medium and larger 
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ducts occurred in 8 per cent, of cases ; some tortuosity of the duct was also 
noticed (Fig. 5). 

(c) Another picture presented may be termed the “ leafless tree ” type. 
The medium ducts and ductules were so numerous as to suggest fresh formations. 
In some cases the main duct was varicose (Fig. 6). 

(d) In two cases only of parotid enlargement (one in a diabetic, the other 
in a pellagrin) there was a filling defect. 

(e) Fifty per cent, of cases gave appearances which differed little from the 
normal sialogram, except in demonstrating the large size of the gland. In some 
the acini were quite conspicuous, suggestive of dilatation. 

MORBID ANATOMY. 

Material was obtained from three postmortem cases and two biopsies. In 
the former the weight of the parotid was two to four times that found in normal 
control specimens. No naked eye evidence of cysts or neoplasm was found. 

Histological examination showed a striking increase in the number of ducts 
and ductules, some of which were ectatie. The secretory part of the gland 
looked more compact and the acini more crowded. (See microphotographs 
Figs. 7 (a, b), S {a, b). There was no proliferation of the duct epithelium, in 
contrast to that found by Payne in recurrent parotitis. No signs of inclusion 
bodies, neoplastic growth nor scarring was seen. The appearance was that of 
a hyperplasia of an actively functioning gland. The degree of hyperplasia varied 
in different cases ; in two biopsy specimens, removed from the superficial 
portion of the parotid, the histology was almost normal. This coincides with 
the normal type of sialogram obtained in 50 per cent, of the cases. 

Examination of the pancreas in the autopsy cases showed neither naked 
eye nor histological abnormality. 

For the sake of analogy, hypertrophied sebaceous glands from pellagrins 
were compared with normal controls. No differences in histological structure 
were found. 

On the evidence collected it was justifiable to call the endemic parotid 
enlargement a “ parotid hyperplasia.” 

ETIOLOGICAL CONSIDERATIONS. 

These investigations gave some indications of the possible origin as well 
as the nature of the disease. It appeared that endemic parotid enlargement was 
not of inflammatory nature and that the hyperplasia could not be attributed to 
ankylostomiasis or other infestation. Clinical evidence connected the condition 
with pellagra and with diabetes. 

Pellagra . — This disease might act as an etiological factor in various ways ; — 

(a) By representing or producing some deficiency state to which the 
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parotid glands respond by undergoing hyperplasia, analogous to enlargement of 
the thyroid in iodine deficiency. 

Parotid enlargement has been described by de JoNGE(1928)inberiberi ; which 
suggests that the vitamin B, complex might be the deficient factor, in the absence 
of which the parotids undergo hyperplasia of a compensatory character. Some 
doubt was thrown on this hypothesis because parotid enlargement developed in 
one of the Egyptian cases during treatment with marmite. 

(i) Parotid enlargement might be related to the absence of potassium 
thiocyanate from the saliva. According to A. Clark (personal communication) 
this sulphur compound is excreted in excess in the early stages of pellagra and 
so might induce an overwork hypertrophy. The bactericidal action claimed 
for thiocyanate might predispose, in its absence at a later stage, to infection by 
some mild agent. .A.t present the significance of the variations in salivary 
thiocyanate which are found in pellagra is uncertain. 

(c) Experimentally a parotid hyperplasia in guineapigs was obtained by 
Wartin and Florentine (1927) on exposure to X-rays. The exact mechanism 
is unknown. It is doubtful if this observation has any bearing on pellagra. 

(d) The local changes in pellagra affecting the buccal mucosa, the papillae 
and main duct (desquamation), combined with a lowering of the body resistance 
from malnutrition, might pave the way for some unknown infective agent. 

Diabetes . — This could also be regarded as a predisposing factor. Parotid 
enlargement only occurs in a small percentage of diabetic patients and is unrelated 
to the severity of the disease. Flaum regards parotid enlargement as a symptom 
of diabetes, manifest or latent, in obese middle-aged persons. He considers that 
the parotids have an internal secretion which has the property of increasing 
sugar tolerance. In one diabetic, referred to the writer by Prof. Ismail Pasha, 
the parotid enlargement was associated with infected teeth which were all 
removed ; therefore the possibility of infection in diabetes should be considered. 

Other Factors . — Ultimura (1927), following German writers, believes that 
the salivary glands are organs of internal secretion. A deficiency state, which 
may often be associated with pellagra, might be responsible for parotid hyper- 
plasia. This theory is purely hypothetical and there is no clinical connection of 
parotid enlargement with endocrine disease. 

That a salty diet might cause excessive salivation and lead to parotid hyper- 
plasia did not appear a likely explanation. This diet is common to a large 
section of the population and the patients made no complaint of salivation. 

The possibility that an irritant or toxic agent is excreted in the saliva and 
provokes an enlargement is difficult to accept. Such agents would tend rather 
to depress the functions of the gland and lead to degeneration, not to 
hyperplasia. 

Alternative Theories . — Limiting consideration to the endemic group, there 
were two main theories to account for the parotid enlargement (1) compensator)' 
hyperplasia, (2) some form of infection. 
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THEORY OF INFECTION ; TESTS. 

The parotid gland is naturally liable to infection ; according to Seifert 
(1926) the secretion is lacking in bactericidal action o\ving to the poor content 
of mucin. 

The infection theory would explain the unilateral enlargement found in 
one-fifth of the cases, and its occurrence in patients not suffering from any 
obvious deficiency. Malnutrition and the insanitary conditions under which 
the poorer classes live would predispose to infection. 

The absence of signs of inflammation and the negative results of cultures 
excluded an ordinary bacterial infection, but there remained the possibility of 
some virus disease. According to Kuttner and Wang (1934) there is a liability 
to virus infection of the salivary glands of guineapigs, hamsters and human 
beings. These viruses may remain dormant without causing any symptoms. 
While the effect of many virus infections is ultimate necrosis of affected cells, 
certain viruses cause a proliferation of parasitized cells producing hyperplasia or 
even neoplasia, as in the infectious papillomatosis of wild cotton-tail rabbits 
(Shope, 1933). 

The source of such a possible infection was looked for in localities from 
which the patients came. The writer examined a large number of domestic 
animals from various parts of Egypt, but found no instance of parotid enlarge- 
ment among them. 

Allergic Tests. 

Intradermal tests with saliva and parotid emulsion from affected patients 
were made on other cases and on normal individuals. The results showed no 
constant difference. The common association with pellagra diminished the 
value of these tests because pellagrins do not possess normal skin reactivity. 

Animal Inoculation. 

(1) Rabbits. Intracerebral inoculation of rabbits with catheter specimens 
of saliva from affected and control persons was performed, after Gordon’s 
technique. Both classes of saliva occasionally induced a lymphocytic encephalitis 
or a meningo-encephalitis, apparently due to a contaminating virus. 

To avoid contamination that might be present in saliva, the experiments 
were repeated with ground parotid gland tissue obtained by biopsy. No single 
rabbit developed encephalitis ; when the animals were eventually killed there 
was neither naked eye nor microscopical evidence of any abnormality. 

(2) Guineapigs. At the same time injections of saliva and parotid emulsion 
from human cases were made into the parotid and submaxillary glands of 
guineapigs, on one side ; the other was left as a control. No sign of disease 
appeared, and on subsequent histological examination no difference in structure 
could be detected between the injected and control salivary glands. 

(3) Monkeys — Macacos rhesus. To imitate the probable route of an 
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infection, a considerable amount of saliva from human cases (taken by catheter) 
was injected through Stenson’s duct to the parotids of two monkeys. The 
procedure was similar to that of Johnson and Goodpasture in producing 
experimental mumps in M. rhesus. The two monkeys injected were kept for 
periods of 5 and 8 months respectively without result, and even intraglandular 
injection with human parotid emulsion failed to produce signs of disease. 

The results of these experiments gave no support to the theory of infection 
as responsible for endemic parotid hyperplasia. 

TREATMENT. 

To supply any dietary deficiency, trial was made of various remedies as 
used for pellagra. A due supply of animal protein vitamins and 63, sometimes 
supplemented with vitamins C and D was given to patients for varying periods 
without effect on the parotid enlargement. Iron and hj'drochloric acid, with 
or without pepsin, were also useless. In view of the anatomical condition of 
the gland no rapid results could be expected from such measures. 

Spontaneous regression occurred in one case, and also followed biopsy in two 
other patients. The possibility of the pressure of a bandage causing this regres- 
sion was excluded. The enlargement subsided in another patient following an 
attack of erysipelas of the buttock. An analogy may be drawn between these 
examples and similar experiences in Mikulicz’s disease. In cases of the latter 
affection a regression has been reported after erysipelas and other infections 
such as pneumonia and influenza ; also after removal of the lachrymal gland. 

X-Ray Therapy . — Conflicting opinions on the value of this form of treatment 
in Mikulicz’s disease have been expressed. But in view of the simple hyper- 
plasia found in this endemic form, it was decided to apply the treatment, and 
the results were very satisfactory. Small doses at weekly intervals were applied, 
first to one side only, leaving the other side as a control. After regression of 
the swelling on one side, the other parotid was similarly treated. The course 
consisted of five doses. Out of ten cases treated, nine responded with regression 
in the size of the glands. There was no evidence of fibrosis nor disturbance of 
function, producing dryness of the mouth, after treatment. The result is 
illustrated in Fig. 2 (a & h). 

Discussion. 

In view of the failure of all attempts to transmit the disease or to show the 
presence of an infective agent, it is extremely doubtful whether endemic parotid 
enlargement is of infective origin. No form of infection is known which produces 
uniform hyperplasia with full retention of functional efficiency in any organ. 
In spite of unilateral involvement sometimes found, the probabilities are strongly 
against an infective origin. 

It is a familiar fact that most deficiency diseases with an endemic distribution 
or with sporadic outbreaks have been at some time attributed to an infection. 



-M. R. KENAMT. 


349 


, The reports of chronic parotid- enlargement in widely separated countries 
associated with conditions of malnutrition, indicate that the hyperplasia occurs 
in response to some increased functional demand on the glands. This demand 
arises from some need of the body secondary to some deficiency. 

Parotid hyperplasia does not appear to be related to any known alimentary 
disorder, such as gastric achylia or pancreatic disease. Miller (1925) considers 
that an increased secretion of ptyalin is called for in pellagra on account of a 
diminution in amylopsin and pancreatic secretion generally. His view is that 
pellagra is characterised by achlorhydria which prevents the formation and 
action of Starling’s secretin and so leads to pancreatic deficiency. This hypo- 
thesis fails to explain the frequent association of parotid hyperplasia with normal 
gastric function and its absence after complete gastrectomy. 

Whether a primarj'^ dietary deficiency, either of B vitamins or of some other 
factor, is directly responsible is uncertain. The parotid enlargement did not 
usually regress in pellagrins when the general condition improved on special 
feeding, and it was found in some individuals who showed no malnutrition. 
The absence of thiocyanate may be etiologically significant and this subject 
requires further investigation. 

The possibility that the parotids may furnish an internal secretion, as 
suggested by Flaum and others, has been mentioned. There may even be some 
unknown constituent of saliva itself, analogous to Castle’s intrinsic factor in 
gastric juice, that may play an important part in the body economy. Recently 
Sydenstricker et al. (1936) have found that the administration of normal 
gastric juice causes marked improvement in pellagrins, even when kept on a 
pellagra-producing diet. Salah (1935) has demonstrated the presence of 
Castle’s intrinsic factor in the gastric juice of pellagrins ; therefore some other 
intrinsic factor must be postulated as absent in pellagra. It is possible that this 
is really derived from saliva and not from pure gastric secretion. 

These suggestions must be left for future research to verify or reject. 

Summary. 

1. A chronic painless enlargement of the parotids is common in Egypt ; 
in some districts about 2 per cent, of the poorer agricultural workers are affected. 

2. Males are particularly affected ; about ten times as frequently as 
females. The usual age of the patients is between 20 and 40. 

2. Of one hundred cases seen among hospital in-patients, sixty-five were 
associated with pellagra and with twenty-five others represented an endemic 
group. The condition was not specially associated with any other endemic 
disease ; in one-fifth of these cases the parotid enlargement was unilateral. 

4. The remaining ten cases had manifest or latent diabetes ; this association 
has been noticed in northern latitudes. 

5. In the endemic group the condition bore no relation to any derangement 
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of the gastric or pancreatic functions, or to the blood count. There was no 
disturbance of the blood sugar regulating mechanism in these cases. 

6. The saliva occasionally showed abnormal cell elements and was sterile. 
Functional tests showed increased secretion with a full ptyalin content, but there 
was a striking absence of thiocyanate. 

7. Sialograms were normal in half the cases. Abnormalities seen were 
dilatations of the main duct or ductules, or a multiplicity of ducts giving a 
“ leafless tree ” appearance. 

8. Microscopical examination of the glands showed chronic hyperplasia 
ivith entite absence of any inflammatory changes. 

9. Allergic tests and experiments on animals, including monkeys, failed 
to demonstrate an infective origin. Intracerebral inoculation of saliva was found 
unreliable because of the presence of contaminating viruses in normal and 
abnormal cases. 

10. A satisfactory method of treatment by X-rays was applied. 

11. The etiology is discussed and various theories reviewed. 
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SPRUE IN EGYPT. 

Report of a Case. 

BY 

M. SALAH, M.R.C.P. (Lond.), D.T.M., D.T.H. (Liv.). 
From the Research I/istittitc, Miuistii,’ of Public Health, Cairo. 


Since the description of the features of the disease by Manson (1880) and 
Van der Burg (1880) and the adoption of its popular designation in Java as the 
medical name, the individuality of sprue has been established and its nature has 
been described by many authors. 

There are two peculiarities about sprue, ’ namely its patchy distribution 
between 40° north and 20° south, with the exception of Central Africa ; and 
its occurrence mainly in Europeans sojourning in those countries. With the 
exception of the natives of Puerto Rico it was supposed to be limited to Europeans 
but recently it has also been reported in natives in India (1930, 1931). As the 
aetiology of sprue is not yet known, it is difficult to explain this peculiar distri- 
bution and racial preference. Until now no case has ever been recorded from 
Egypt. 

The first case of sprue occurring in an Egyptian was detected in the Research 
Institute, Cairo, and is described below. 
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CASE REPORT. 

Z.A.T., male, aged 40, was sent from the State Railways Hospital to the 
Research Institute on 16th February, 1936, for investigation. 

Complaint. — Rapid wasting and general weakness, inability to take food 
because of pain in the tongue ; diarrhoea, three to five semi-fluid, offensive 
stools daily, having the same colour as the food taken. Gurgling noises 
in the abdomen 2 hours after a meal. 

History. — On 7th July, 1935, patient was suffering from cough without 
expectoration but accompanied by fever. 

Ten days later he developed diarrhoea with occasional blood and mucus. 

In December, 1935, he first noticed a burning sensation in his tongue and 
diarrhoea with three to five bulky and light coloured stools daily, 2 hours after 
taking food. 

The patient was admitted to the State Railways Hospital where he was given 
medicine and light diet ; there was a slight subjective improvement. 

Physical Examination. 

Patient is greatly wasted, weighs 47-5 kg. Skin drj' and inelastic. No 
evidence of previous pellagra, no abnormal pigmentations. 

Tongue red, glazed and fissured. 

Abdomen retracted on admission. Liver not felt below the costal margin, 
liver dullness diminished. Spleen not felt. No masses or glands in the abdomen. 
Heart weak sound, no murmurs. 

Blood pressure 110/70. 

Chest free. No glands, no oedema. 

Ner\mus system free with the exception of weak knee and ankle reflexes. 

INt^ESTIGATIONS. 

Haematological. — Haemoglobin 55 per cent. ; Reticulocytes 0-8 per cent. ; 
Red Blood Corpuscles 3,110,000 ; Diameter index 8-03 ; Vol. index 0-9 ; 
Fragility, normal ; White Blood Corpuscles total 3,600 ; Differential Eosino- 
phils 1 per cent. ; Neutrophils 58 per cent. ; Lymphocytes 36 per cent. ; 
Mononuelears 3 per cent. 

Bone-marrow megaloblastic, hypoplastic. No parasites could be demon- 
strated in the blood. 

Biochemical. — leterus index 3 units; Van den Bergh, negative; Urea, 25; 
Calcium 9 mg. per cent.; Sugar tolerance curve 71/87/100/95/75; Choles- 
terol, 90, free 50, 88, ester 38. 

Serological. — Wassermann and Kahn reactions negative. Sediment rate -j- -j-- 

Bacteriological. — Widal negative ; Stool culture negative for pathogenic 
micro-organisms and tubercle baeilli. 
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Gastro-vifestinal . — Test meal ; rapid emptying, HCl absent with alcohol 
meal, only present after histamine. 

Sigmoidoscopy . — Diffusely congested mucous membrane with occasional 
flakes of mucus, no ulcers. Scraping from bowel, negative for amoebae and 
pathogenic micro-organisms (by culture). 

Stools light coloured, bulky and offensive. 

Fat : — Total 60 per cent, combined fatty acids 58-9 per cent., neutral fat 
1-1 per cent. 

Urine . — No albumin, sugar, urobilinogen or bile. 

Radiograph of stomach, colon, lungs, mediastinum and bones did not show 
evidence of disease. 


Diagnosis. 

The case was admitted with the provisional diagnosis of steatorrhea, 
? pancreatic disease, ? sprue. 

The demonstration of marked glossitis, macrocytic anaemia and the 
chemistr}’’ of the fatty stools excluded pancreatic disease and the case was put 
under the' categor)’’ of steatorrhea due to deficient absorption of split fat. 

Obstructed lacteals due to tuberculosis, Hodgkin’s disease or cancer were 
then excluded by the absence of any clinical or radiological evidence and also by 
the subsequent course of the disease. The presence of marked glossitis as a 
prominent feature of the case, the absence of megalocolon as well as absence of 
marked hypocalcaemia and osteoporosis were rather in favour of tropical sprue 
than of idiopathic steatorrhea manifesting itself late in life, if the separation of 
the two conditions is to be admitted. 

Pellagra is associated with diarrhoea, anaemia, glossitis and wasting and 
thus may be confused with sprue. The difficulty of their differentiation in 
endemic areas has been discussed (McLester, 1930). The absence of any 
historj' or evidence of cutaneous manifestations exclude this possibility in our 
case. Moreover, the anaemia of pellagra (in Egj’-pt) is almost invariably of the 
hypochromic normocytic type (Salah, 1935) and the stools do not contain 
excess of fat. 

Addisonian anaemia is unlikely because of the extreme wasting of the 
patient, the presence of HCl after histamine and the normal icterus index ; 
besides, the diarrhoea in Addisonian anaemia is not of the steatorrhoeic type. 

Accordingly the diagnosis of sprue was finally arrived at. As a matter of 
fact, the most decisive evidence in favour of sprue was given by the response of 
the condition to treatment as shown by the return of the stools to normal in 
regard to number, amount and fat content, the disappearance of the glossitis with 
return to normal of the previously desquamated papillae, the return to normal 
of the gastric secretion, decrease in the anaemia and the increase of weight 
by 21 kg. 
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Treatment. 

The line of treatment suggested and reported to be successful by Fairley 
(1930 and 1932) was followed. The main objects of this treatment are : — 

(1) To produce alimentary rest by a suitable diet; Baumgartner and Hubbard 
(1927) found that high protein diet gives alimentary rest and does not damage 
the kidneys in sprue, but because of its high dynamic value it is not suitable 
for increasing weight. Thaysen (1932) has pointed out that although fats and 
carbohydrates are not well tolerated yet the proteins are well absorbed as shown 
by the finding of a normal nitrogen balance. Accordingly the patient was put 
on a high protein, low carbohydrate and low fat diet. This regime produced 
alimentary rest with reduction of motions within 2 weeks to twice daity. 

(2) The treatment is directed against the existing anaemia. Castle and 
his co-workers (1935) have shown that the mechanism of production of the 
macrocytic anaemia of sprue resembled that of Addisonian anaemia, i.e. the 
intrinsic haemopoietic factor is absent in some cases although in others it seems 
to be the lack of the extrinsic factor which is responsible. In our case the high 
protein diet alone was without effect on the blood picture. This diet is expected 
to be haemopoietically effective only when the intrinsic factor is present in the 
gastric content and absorption from the intestinal tract is adequate. The 
former could not be verified in our patient owing to the absence of Addisonian 
anaemia cases to be used as test patients ; the latter is shown to be inadequate 
by the result of the glucose tolerance test. Marmite, as a representative of the 
extrinsic factor, was administered in doses of one teaspoonful t.d.s. for 12 days 
without effect on the blood picture. 

Liver, 300 grammes per os, followed by intramuscular injections of liver 
extract (2 c.c. campolon and hepractone) for a period of 15 days, was then 
given. Prompt improvement of the blood picture, tongue and general condition 
resulted from this treatment as shown in the chart. 

(3) The replacement of demonstrable deficiencies is the third aim of the 
treatment. 

HCl in doses of 4 c.c. in lemonade, t.d.s. was given for a period of 2 months. 
Iron in the form of Blaud’s pills, nine daily for 18 days after stopping the liver 
injections, resulted in a further rise of 5 per cent, haemoglobin. 

The improvement became noticeable within 2 weeks of beginning the 
treatment and reached a maximum at the end of 3 months. (See chart, p. 355.) 

A comparison of the various findings on admission, on discharge and also 
14 months later is found in the table on page 357. 

Comment. 

.^though no cases of sprue have ever ‘been recorded in Egypt the case 
described in this paper represents the condition in an Egyptian. The diagnosis 
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of this case was based on clinical, biochemical and therapeutic evidence as well 
as on exclusion of other conditions giving rise to similar pictures. 

Clinically the case demonstrates the glossitis, steatorrhoea, wasting and 
anaemia which characterize the well-developed condition. The anaemia was 
of the hypochromic, macrocytic type with a hypoplastic bone-marrow of megalo- 
blastic character suggesting deficiency of both iron and haemopoietic principle. 
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The abdomen, although sunken on admission, showed the peculiar distension 
when the number of motions decreased. The liver was clinically smaller than 
normal ; a sign which was reported by Manson-Bahr (1930) as occurring in 
about 50 per cent, of sprue cases. 

With the exception of diminished deep reflexes there were no signs to 
suggest implication of the nervous system. 

Radiological investigations of the alimentary canal, chest and bones excluded 
organic lesions and manifestations of any other morbid conditions that might 
give rise to a similar combination of symptoms (Hodgkin’s disease, carcinoma, 
abdominal tuberculosis, gastro-colic fistula, etc.). 

Biochemically the case showed (a) achlorhydria with the alcohol meal, HCl 
appearing only after histamine ; {b) low blood sugar curve after glucose adminis- 
tration suggesting deficient intestinal absorption ; (c) normal icterus index ; 
{d) chemical analysis of the stools showed marked excess of fat with preponderance 
of split fat suggestive of steatorrhoea resulting from deficient absorption and 
excluding pancreatic disease ; (e) serum calcium value was not reduced although 
it was at a low normal level. 

These biochemical findings are peculiar to sprue. 

Therapeutically the case showed marked and complete improvement of all 
its features under the treatment given and known to cure cases of sprue. This 
treatment consisted of (1) high protein, low fat, low carbohydrate diet ; (2) liver 
by mouth and by injection, and (3) iron and HCl. 

The effects of this treatment were : — 

(a) An increase in weight of 21 kg. tHthin a period of 3 months, although 
the character of the diet does not as a rule favour such considerable weight 
increase. This result is peculiar to sprue. 

{b) The gastro-intestinal functions returned to normal as shown by the 
return of HCl secretion ; improvement of the glucose tolerance curve ; and 
return of stools to normal in number, character and chemical composition. 

(c) Disappearance of the glossitis with return to normal of the previously 
desquamated papillae. 

(d) Decrease in the anaemia following liver therapy, the haemoglobin 
rising to 83 per cent, and the red blood corpuscles to 4,875,000 within about 
7 weeks. A slight further response occurred after administration of iron. Despite 
this marked improvement of the blood picture under liver therapy the reticulo- 
cytic response was but slight. The same lack of a good response was also 
reported by Castle et al (1935) in some of their cases. 

The bone-marrow in our case was hypoplastic rather than hyperplastic. 
Ashford (1932) also found cases with a plastic histological picture in specimens 
of tibial marrow removed during life. It may be that this marrow hypoplasia 
was responsible for the low reticulocytic response in our case as well as in 
similar cases reported by others. 
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The bone-marrow picture returned to normal (erythro-normoblastic) in the 
course of treatment. 


Tabi-h 


Investigations. 

On Admission. 

On Discharge. 

After 14 Months. 

Gastric secretion ■ 

Achlorhydria, Hist- 

amine positive 

Normal 

— 

■ Stools 

Total fat, 60% ; fatty 
acids, 68'9 % ; neu- 
tral fat, 1 ■ 1 % 

Total fat, 45% ; fatty 
acids, 40% ; neu- 
tral fat, 5% 

Normal by naked eye 
and microscopical 
examination 

Glucose tolerance 

71/87/100/95;7r) 

77/90/118/100/80 

— 

Blood picture 

Hb. 55% ; R. B. C. 
3,110,000; Ret. 
0-8% ; Diam. Ind. 
8-03 ; W.B.C. 3,600; 
E. 1% ; N. 58% ; 
L. 36% ; Mono. 3% 

Hb. 83% ; R.B.C. 

4,875,000 ; Ret. 
0-5% ; Diam. Ind. 
7-87; W.B.C. 6,000; 
E. 9% ; N. 54% ; 
L. 32% ; Mono. 5% 

Hb. 90% ; R.B.C. 
4,625,000; Ret. 
1% ; Diam. Ind. 
7-66; W.B.C.6,000; 
E. 5% ; N. 63% ; 
L. 25% ; Mono. 7% 

Bone-marrow 
sternal punc- 
ture) 

Hypoplastic, megalo- 
blastic 

Normoblastic 


Icterus index 

3 units 

3 units 

— 

Calcium 

9 mg. % 

9-3 mg. % 

— 

Weight 

47-6 kg. 

68 kg. 

67 kg. 

Tongue 

Glazed, red and fis- 
sured 

1 

Normal ' Normal 

Motions 

4-5 daily 

Once daily j Once daily 


The patient was discharged in a nearly normal condition and advised to 
resume his normal diet gradually. This change in diet did not produce any 
relapse. The case was kept under observation for 14 months after discharge, 
during which time he remained normal. Some of the findings at the end of 
this period of obser\’^ation are reported in the table. The long period of observa- 
tion in this case has made it possible to exclude certain organic diseases 
(abdominal Hodgkin’s disease, abdominal tuberculosis, etc.) which are known 
to be able to present for some time a clinical picture simulating sprue (Fairley, 
1937). 
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A SUSPECTED CASE OF NON-EPIDEMIC TYPHUS IN A 

CHILD IN TRINIDAD. 


BY 

MINNIE GOSDEN, M.B., B.S., D.T.M. & H. 
Pathologist, Trinidad. 


As far as can be discovered from the records available locally no case of 
epidemic typhus has been reported in Trinidad for many years, nor have any 
cases of typhus-like fevers such as have been found in- many tropical countries 
in recent years. In countries having constant communication with the island, 
recognised forms of non-epidemic typhus occur such as Brill’s disease of the 
United States and tarbardillo in Mexico. Although the diagnosis was not 
absolutely proved the following case is thought worth recording if only to 
stimulate search for possible cases of fever due to this group of diseases in the 
_West Indies. Though evidence of human infection has not been recorded here, 
the existence of the virus in wild rats in Port of Spain has been proved by the 
Government Bacteriologist (Pawan, 1935, verbal communication). 

Case History. 

S. C., an African female child, born in Trinidad, age 4 months, was admitted 
to the Colonial Hospital, Port of Spain, on 6th September, 1936, with a history 
of having had fever for about a week and having developed a generalized rash. 

On admission, the child was very ill, with a temperature of 101-6° F., a 
generalized haemorrhagic rash over the body, thickest on the thighs, both 
hands cold, with marked cyanosis of the left finger tips, and less of the right ; 
the motions were green and offensive. 


G 
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While in hospital the child had a continuous rising temperature, was very 
weak and showed evidence of toxaemia, the fingers of both hands became 
gangrenous, the motions became normal in appearance and death took place 
58 hours after admission. 

Postmortem Examination . — Unfortunately the parents refused permission 
for a routine examination, and delay in the internal examination occurred ivhile 
a certificate was refused and an order obtained for the examination which was 
eventually carried out 19 hours after death. 
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The body was that of a moderately nourished female negro infant ; the 
rash was still visible, although faint ; discrete spots were present chiefly on the 
body and especially on the thighs, very few being present on the face ; there 
was dry gangrene of the tips of the fingers of the left hand, with gangrene of 
the skin extending half way up the forearm, moist gangrene of the fingers of 
the right hand with the skin peeling off half way up the forearm, the gangrenous 
skin sharply demarcated from the healthy skin above, the eyes and fontanelles 
were sunken and the face very toxaemic in appearance. 

Thorax . — There was marked hypertrophy of the anterior descending 
coronary artery, no other abnormality in the heart, the muscle of which was 
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pale and soft. There were patches of haemorrhagic consolidation in the lungs, 
especially in the lower lobes, the pharynx was very injected and the cervical 
glands red and swollen, the thymus was small. 

Abdomen. — The liver was swollen and showed patchy congestion, the 
kidneys were congested with haemorrhages in the left kidney, the pulp in the 
rather soft spleen was grey with clear Malpighian bodies. The stomach con- 
tained undigested milk and the Peyer’s patches were conspicuous and the 
mesenteric glands soft and purple. 

Head. — There was oedema of the pale brain, fluid blood in all cranial 
sinuses and both middle ears were dry and clean. 

Laboratory hwestigations. 

Blood serum (obtained by heart puncture postmortem) agglutination. 



1/10 

1/20 

1/40 

1/80 1/lOC 

Bacillus proteus HX19 

-f- + 

+ -I- 

+ + 

+ — 

„ 0X19 

+ + 


+ + 

+ -1- — 

X2 


-h-l- 

-1- + 

1 

XK 

— 

— 

— 



Wassermann reaction. 

, weakly positive ; 

Kahn, 

negative. 


Animal inoculation. — Intraperitoneal inoculation of a guineapig with brain 
emulsion had no eflFect. 


Discussion. 

This case presented considerable difficulty in diagnosis, no other members 
of the child’s family were, or had been, ill, and no cases of infectious disease 
likely to give rise to such serious symptoms were present at the time. The 
possibility of typhus was suggested by the character of the rash and especially 
the complication of gangrene of the hands, a recognized occurrence in serious 
cases. It was felt that the titre of agglutinins in the blood for B. proteus X19 
was not high enough to justify the diagnosis of epidemic typhus in an area 
completely free from the disease and in the absence of any evidence of the 
presence of lice on the child or in its home. This opinion has been confirmed 
by the absence of any other similar cases. The severity of the case was also 
striking, since epidemic typhus is often a mild disease in small children. 

However, the appearance of agglutinins for both B. proteus X19 and X2 
and the absence of those for the Kingsbury strain in the blood appears suspicious 
of infection with a fever of the typhus group. 

Felix* states that complete agglutination of the O type of 1/80 to 1/100 
are significant for diagnosis ; and that dilutions of 1 /25 to 1 /SO while not 

* Felix, A. (1930). A System of Bacteriology, \n\. 1, -WS. London; Mcclicid Resc.-ircli 

Council. 
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decisive should not be ignored. The strains used, from the National Collection 
of Type Cultures, have shown no agglutination with other sera before or subse- 
quent to this case. 

In the absence of a scrotal reaction in the inoculated guineapig a certain 
diagnosis of the case is doubtful, although this may have been due to the dose 
of virus being small or to the time elapsing between death and the removal of 
the brain for injection ; but it seems possible that this was really a case of an 
unusually severe infection with non-epidemic typhus, possibly flea-borne. 

Summary. 

A case of fatal illness with a typhus-like rash and gangrene of the hands 
in a child is reported, with agglutinins in the blood postmortem in low titre 
for both B. proteus X19 and B. proteus X2, but none for the Kingsbury strain. 
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TYPHOID AGGLUTININS IN THE NATIVE POPULATION. 

BY 

R. M. DOWDESWELL, B.Ch., M.R.C.S., L.R.C.P. 

Medical Research Laboratory, Nairobi* 


Between December, 1936 and July, 1937, 400 sera from the native popula- 
tion of Kenya Colony sent in for the Kahn test were examined for the presence 
of agglutinins demonstrable with “ H ” and “ O ” suspensions of Sabnotiella 
typhi. No examination was made for the presence of Vi antibody. 

Technique . — ^The agglutination tubes used had an internal diameter of about 6 mm., 
the total quantity of suspension and serum dilution was just under 1 c.c. measured by the 


•This paper is published by permission of the Hon. the Director of Medical Sendees, 
Kenya. 

The writer wishes to thank Dr. G. L. TiMMS of this Laboratorj’ for the supply of sera. 
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drop method.! The tubes, after mixing of suspension nd serum dilution, were kept 
in a water bath at 52° C. for 2 hours, the water being about one-third the way up the column 
of fluid and readings were taken after 15 minutes at room temperature. The “ H ” antigen 
was a broth culture of a locally isolated smooth strain, showing motility, of 20 hours 
incubation preserved with 0-2 per cent, formalin and the “ O ” antigen was made up by 
diluting to 1 in 10 a 33 per cent, alcoholic suspension, prepared according to Bien’s 
method. Normal saline was used as the diluting fluid throughout. These suspensions 
were standardized with those provided by the Oxford Standard Laboratories and_ a 
suspension factor obtained for them. For instance, if the end point of a given serum with 
our suspension was 1 /500 and corresponded to that of 1 /250 with the Oxford suspension 
having a factor of x, the S.F. of our suspension was recorded as 2x. The sensitivity of 
the suspensions used has, in fact, been very close to that of the standard ones. In the 
majority of cases, the sera had been heated to 56° C. for half an hour, but it was found 
by repeated tests that this procedure affected the agglutination only very slightly, causing a 
reduction in titre of not more than one-tenth for both “ H ” and “ O,” that is a titre of 
1 '100 might after heating become 1 /'90 ; so that the results were not significantly affected. 

The end point was taken throughout as a trace of agglutination visible to the naked 
eye [indicated as according to the conventions used in the international experiment 
published by Gardner (1937)]. 

A preliminary test with serum dilutions of 1/25, 1 /50 and 1/150 was first done and all 
positive sera were then tested again over an appropriate range of finely graded dilutions, 
with saline controls. No sera showing marked haemolysis were used. 


The results obtained giving unreduced titres were as follows : — 

Total Number 400 — Total Negatives 214. 



1 

j 

1 , 2o to 

1 .lO to 

1,100 to 

1/250 to 

... - 

Over 

Total 

Observed Titres. 

Negative. ; 

1 '50 

1 100 

1 /250 

1/1,000 

1/1,000 

Positive. 

“ H ” agglutination 

201 j 

44 

34 

17 

11 

3 

109 

“ O ” allutination 
“ O ” agglutination with 

2.'-, 7 

1 

70 

43 

20 

4 


143 

the absence of “ H ” 
agglutination 


47 

21 

8 

1 


77 

“ H ” agglutination with 








the absence of “ O ” 
agglutination 


21 

1.5 

4 

3 


43 


It will be seen that there were therefore 16 per cent, positive for “ H ” 
agglutinins in over 1/50, and 3-5 per cent, positive in over 1/250. 

For all “ O ” agglutinations there were 17 per cent, positive in over 1/50 
and 1 \ per cent, of the total showed a titre of over 1/50 for “ O ” agglutinins 
in the absence of “ H ” agglutinins. 

■[Note . — It was found by a number of trials that the use of twice the quantity of 
suspension and serum dilution here used, in tubes of internal diameter 8-5 mm., gave 
readings precisely similar to those recorded by this technique. 
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These results expressed as reduced titres are, therefore : — 



0 to 

m 


AO to 

lOOtol 

250 to 

Over 


Percentage 

Reduced Titres. 

10 

B 


100 

250 

1,000 

1 ,000 

Total. 

Positive. 

“ H ” agglutination 

— 

:?3 

:$7 

111 

1 1 

7 

2 


WM 

“ O ” agglutination 

12!) 

10 

«) 

o 



— 



“ 0 ’’ agglutination 










alone 

72 

•I 

0 

1 




77 

l!)-25 

“ H ” agglutination 










alone 


17 

IS 

«*) 

1 



42 

10-75 


This shows 9-75 per cent, positive for “ H ” in a reduced titre of over 
50, including 2 per cent, which gave no “ O ” agglutination : also 3-5 per cent, 
positive for “ O ” in a reduced titre of over 10, including 1-25 per cent, which 
gave no “ H ” agglutinations. 

It should be pointed out that the method used by Gardner (1929) for the 
calculation of R.T., by which he estimates standard agglutination before using 
the S.F. would, applied here, cause a reduction of the R.T., but by not more 
than 30 per cent. 

The three sera showing the highest titres were possibly from patients 
in the convalescent period or shortly after a true typhoid infection. Unfor- 
tunately, it has not been possible to exclude entirely the possibility of a previous 
inoculation,* but the percentage of such cases would be very small. 


Discussion. 


A strict comparison of the results obtained here, with those published 
by others, is not possible and such an attempt would be misleading. For 

*Note . — ^There is no doubt that inoculation with the phenolized vaccine prepared 
here will give rise to an appreciable production of ‘‘ O ” antibodies, and apart from a 
number of examinations after secondary inoculations which have shown unreduced titres 
for S. typhi “ O ” of over 1/,S00 and some of over 1/1,000 the only case of a primary 
inoculation done at the Laboratory on a European adult, whose serum showed no agglutina- 
tion in dilutions of 1/25 or over before inoculation, gave 10 days after the last injection 
unreduced titres : — 


S. typhi “ H 

tt 

« • • • • • 

... 1/1,250 

(.S.F. I-I) 

.S’. „ “ O 

»» 

... ... 

... 1/883 

(S.F. 13) 

S. paratyphi 

“ A ” 

“ H ” ... 

... I/.500 


S. 

" A ’’ 

“ O ” ... 

... I -'125 


S. 

“ B ” 

“ H ” ... 

... 1/1,200 


S. 

B ” 

“ O ” ... 

... 1/100 
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instance, although Gardner (1929), Gardner and Stubbington ,(1932) and 
Smith (1932) show results as reduced titres ; others as Alves (1936) and Beattie 
and Elliot (1937) make use of standardized suspensions from the Oxford 
Laboratories but do not refer to the suspension factors ; while some as Grasset 
and Lewin (1936), Giglioli (1933), Horgan (1932) and Dennis and Berberian 
(1934) do not appear to have standardized their suspensions. Further 
anomalies may be caused by differences in technique, such as reading of end 
points : anomalies only too clearly demonstrated in the international experiment 
already quoted. However, a few results are quoted below for rough com- 
parison : — 

Results Obtained with “ Nor.mal ” Seua. 



" H ” Agglutination. 

Author. 

Material. 

No. of 

Sera. 

Result. 

Giglioli (1933) 

Population, British ■ 
Guiana 

3.50 

34-2 per cent, positive in dilutions of 
over 1/10 

16 per cent, positive in dilutions of over 
1/40 

Horgan (1932) 

Natives of Sudan 

70 

0 per cent. 

Whitehead (1930) 

British Army 

67 


Beattie and Elliot 

British 

47 


(1937) 




Alves (1936) 

Natives, Southern 

530 

12 ’6 per cent, positive in dilutions 


Rhodesia 


from 1 /oO to 1 1500 


“ O ” Agglutination. 

Author. 

1 Material. 

No. of 

Result. 



Sera. 


Gardner (1929) 

1 Europeans, England 

1 

47 

17 per cent, positive between R.T. 

1 -5 and 4 

Gardner and Stub- 
bington (1932) 

Europeans, England 

47 

38 per cent, positive in an R.T, of less 
than 3 except one of 15 

Giglioli (1933) 

Population, British 
Guiana 

350 

31 -4 per cent, positive in dilutions of 
1/10 to 1/80 

Horgan (1932) 

Natives of Sudan 

70 

7 per cent, positive in dilutions of 
1/25 and 1/50 

Whitehead (1930) 

British Army 

67 

21 per cent, positive in dilutions of 
1/25 and 1/50 

Beattie and Elliot 
(1937) 

. British 

47 

13 per cent, positive in dilutions of 
1/20 and 1/40 

Alves (1936) 

Natives, Southern 
Rhodesia 

300 

15 per cent, positive in dilutions of 
1/50 to 1/500 
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In typhoid infection, Gardner (1929) reports forty cases in which the 
reduced “ O ” titre varied between 6 and 114. Smith in Scotland found no 
reduced “ O ” titres of over 100 in twenty-eight cases ; Horgan apparently 
obtained low titres from 0 to 1/500 in fourteen cases except one previously 
inoculated who gave 1/2,500. From a very small series of observations here, 
where of forty consecutive sera sent for Widal examination, of which only 
'eleven showed an “ H ” titre of more than 1/50 for T., A. or B., these eleven 
with typhoid “ H ” titres of from 1/250 to 1/6,000 gave reduced titres for “ O ” 
of 275, 2, 115, 270, 641, 192, 77, 77, 192, 6 and 64. A further series is con- 
templated, but it is, however, suggested that the presence of such a considerable 
percentage of “ O ” agglutinins in the, “ normal ” native population although in 
very low titre may be correlated with the production of unusually high titres in 
disease. 


Conclusions. 

1. The results of the examination of 400 sera of natives, not suspected 
of typhoid fever, for the “ H ” and “ O ” agglutinins of S. typhi are given. 

2. That the high incidence of both “ H ” and “ O ” agglutinins suggests 
the presence among the population of a considerable amount of typhoid 
infection. 

3. The finding of “ O ” agglutinins alone suggests previous infections 
overt or latent, possibly by other members, having “ O ” antigen IX, XII, of the 
Salmonella according to the Kauffmann-White schema (1934). 
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CORRESPONDENCE. 


BANCROFTIAN FILARIASIS AND THE RETICULO- 
ENDOTHELIAL SYSTEM. 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Sir, 

All those whose paths have now diverged from their original first love — 
the study of filariasis — a study which must always be regarded as the corner 
stone of tropical medicine, will find their interest aroused afresh by Colonel 
Clayton Lane’s paper in these Transactions.* 

There may be some who, like myself, find his arguments, though clearly 
expressed in faultless English, just a little difficult to follow. The recent 
advances in knowledge are so many and so diverse in this direction that it is 
hard to keep pace with them. Into the vexed question of the mechanism 
of periodicity, I do not propose to enter now, as I am definitely of the opinion 
that this matter cannot be settled unless many more detailed observations can be 
obtained and some suitable experimental animal, susceptible to infection with 
Wuchereria bancrofti, discovered. Then, and only then, can this matter be. 
transferred from the cumuli of speculation to the teira firma of verifiable facts. ■ 
But where I feel inclined to disagree with Colonel Clayton Lane is where 
he refers to my own part in the elucidation of the pathology of filariasis. 
Naturally I feel it a great honour that he should refer to my own work at all, 
and I feel loathe to enter, at this stage, on any question of priority. But I do 
maintain that I was the first to demonstrate the complete, and as it has proved 
to be, accurate pathology of filariasis. This was described by me in the account 
of my work in Fiji in 1910 and 1911, published in 1912. I feel disposed 
to claim that my figures and drawings clearly demonstrate that I was the first 
to show the part played by endothelial cells in the pathology of Bancroftian 
filariasis. A great deal of the credit for the proper explanation of the patho- 
logical picture has been attributed by Colonel Clayton Lane to my friend, 
the late Professor F. W. O’Connor. It is true, I admit, that his material was 
much more extensive and much more carefully worked out than in the case 
of the scantier and hastily collected material I was able to obtain under much 
more primitive conditions and with less extensive assistance ; but I do claim 
that the main facts have been borne out by more recent work. I cannot 
and do not claim that it was proved that the dead and defunct microfilariae 

"Lane, Clayton. (1937). Bancroftian filariasis and the reticulo-endothelial system. 
Trans. R. Soc. trap. Med. & Hyg., 31, 61. 
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are engulfed by endothelial cells, but I was able to demonstrate proliferation 
of the endothelial lining of lymphatic channels, giant cell formation and prolifera- 
tion of fibroblasts in glands from which adult filariae were obtained. In 
mentioning the fact (p. 62) that Cruickshank and Wright (1914)* demon- 
strated the formation of giant cells in the vicinity of adult filaria parasites, my 
previous work mentioned above appears to have been overlooked. My figures 
(Plate XXV., Figs. 1, 2 and 3)f abundantly prove that I had already, in 1912, 
described and figured this giant cell formation. 

No one more than myself is ready to confess that many gaps existed in the 
completeness of my work on filariasis and elephantiasis in Fiji, but even at 
this distance of time I think that what I was able to show was the best that could 
have been done under the circumstances. 

I am, etc., 

Philip Manson-Bahr. 


BEJEL. 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

I have read with very great interest the paper by Dr. E. H. HudsonJ on 
bejel and the discussion thereon. Dr. Hudson has described a disease existing 
under this name amongst a relatively small Bedouin population of the Euphrates 
valley, whilst Dr. Corner has seen the same disease under the same name in 
the Tigris valley. Dr. Hudson has suggested that the disease presents a 
sufficiently distinct clinical and epidemiological entity to justify the inclusion of 
the word “ bejel ” in medical nomenclature. 

Throughout much of the Sudan, “ bagl ” (“ g ” usually soft) is a well- 
known disease. There is no doubt that “ bejel ” and “ bagl ” are transliterations 
from the same Arabic word. The difference is but one of phonetic convention. 

In the Sudan, however, “ bagl ” is a colloquial word with the sole meaning 
of gonorrhoea. Unlike the British clinicians before the day of John Hunter’s 
classic experiment, the Sudanese make a clear distinction between gonorrhoea 
and syphilis and they are aware of the generally venereal origin of both diseases. 

I am informed by Dr. R. H. Khabbaz, a graduate of Beirut, that the word 
“ bagl ” or “ bejel ” is not used in Syria to mean either syphilis or gonorrhoea. 
I understand that the word is not used in Egypt. It is not given in A 71 English- 
Arabic Dictionary of Medicme, etc., by Dr. Mohamad Sharaf (published by the 
Ministry of Education, Egypt). 

•Cruickshank, J. A. & Wright, R. E. (1914). Indian J. Med. Res., I, 741. 
tSAHR, P. H. (1912). J. Land. Sch. trap. Med., Supplement No. 1. 

JHudson, E. H. (1937). Bejel : the endemic syphilis of the Euphrates Arab. Trans. 
R. Soc. trap. Med. Hyg., 30 (1), 9. 
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correspondence. 


Through the kindness of Mr. Tewfik Khabbaz, a scholar of Arabic, I 
learn that “ baglah ” is an obsolete Arabic word meaning ulcer. Of this word, 
“ bagl ” is a plural form. Dr. Hudson’s patients are thus, apparently, com- 
plaining of ulcers. The singular form of “ bagl ” is occasionally used in the 
Sudan meaning gonorrhoea. 

It is generally held that the Arabic penetration into the Sudan came 
originally from the East. It is striking that the word transliterated “ bejel ” or 
“ bagl ” has survived in two districts relatively remote and has apparently not 
survived in the associated countries of Syria and Egypt. I do not know whether 
it is used or not in other parts of the Arabic-speaking world. It is furthermore 
interesting to speculate as to the different meanings, venereal and non-venereal, 
which the word has acquired. 

Dr. Hudson has pointed out that gonorrhoea is rare amongst the Bedouin 
Arabs of the Euphrates. It would interest me to learn the name they give to 
this disease and whether they realize its venereal origin. 

Finally, it remains to raise a mild protest against the incorporation of 
“ bejel,” meaning non-venereally acquired endemic syphilis, in medical nomen- 
clature. We, and our several million Sudanese patients, shall continue to look 
upon ” bagl ” as a generally venereally acquired disease — gonorrhoea. 

I am, etc., 

H. Richards. 


Mudiria, Khartoum, 
Sudan. 


ELECTION OF HONORARY FELLOW. 
PROFESSOR BERNHARD NOCHT. 


At the Council Meeting on 21st October, 1937, reference was made to the 
forthcoming celebrations in Hamburg on 4th November, in connection with 
the eightieth birthday of the veteran Professor Bernhard Nocht. 

In recognition of the great importance and international value of his work 
in tropical medicine, it was unanimously decided to make Professor Nocht an 
Honorary Fellow of the Royal Society of Tropical Medicine and Hygiene, 
and to send to him the congratulations of the Council on the occasion of his 
eightieth birthday. 


PHI.MTEU l^ GHEAT BRITAIN BV H. R. GRUBB, LTD., CROYDON. 
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Proceedings of a Clinical and Laboratory Meeting of the Society, held at the 
Hospital for Tropical Diseases, Gordon Street, London, at 8.15 p.m., 
on Thursday, 18th November, 1937. 

Lt.-Col. S. P. James, C.M.G., M.D., F.R.S., I.M.S. (ret.). President, 

in the Chair. 


DEMONSTRATIONS. 


Mr. A. H. Mclndoe and Dr. P. Manson-Bahr. 

Unusual case of elephantiasis of the leg in a woman treated by operation. 

The circumference of the thigh measured 36 inches, that of the leg 32 inches. 
The elephantoid condition was undoubtcdl)' of streptococcal origin and its 


A 
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development had been associated with pyrexial attacks in which the patient 
was severely ill. All sources of focal sepsis were eliminated prior to 
operation, the mouth being cleaned and all septic teeth extracted. Operation 
consisted in the removal of a considerable quantity of skin and subcutaneous 
tissue from the medial aspects of leg and thigh. 

Dr. P. Manson-Bahr. 

Cases : 

(1) Amoebic infection of skin surrounding a colostomy wound (photograph 
and sections). 

(2) Amoebic ulcer of the rectum of 20 years’ standing, resembling 
carcinoma. 

(3) Two cases of abortus fever. 

(4) A case of acute dilatation of the stomach in amoebic dysentery. 

(5) Case of pancreatic cyst — diagnosed primarily as a malarial spleen. 

(6) Acute amoebic hepatitis resembling typhoid. 


Dr. G. W. M, Findlay. 

Two methods of growing viruses for purposes of immunization. 

(1) Growth in flasks of serum Tyrode solution containing a small amount 
of minced chick embryo. 

(2) Growth on the chorio-allantoic membrane of the developing chick 
embryo. 


Mr. W. H. McMullen and Major J. A. Cruickshank. 

A case of Filaria bancrofti in the interior of the eye. 

Only two certain cases have been reported previously, one by Koman 
Nayar and one by R. E. Wright. The present case is an Indian student 
from Calcutta. He has microfilariae in the blood and an eosinophilia of 27 per 
cent., but he shows no clinical signs of filariasis. 

He gives a history of iritis a year ago and the present attack of iritis 
commenced in September. It presented no special features at first, and was 
gradually clearing up. On 6th October during examination with the slit lamp, 
there suddenly came into sight in the aqueous a minute worm-like object, 
actively motile and very thin. Its extremely sinuous form and active motility 
made estimation of length very difficult. It was^^seen only for a few seconds 
and apparently disappeared behind the iris. It was seen again on 13th October, 
and shown to Colonel Wright who agreed that the object seen in the anterior 
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chamber was undoubtedly a nematode, a verr^ young one, much smaller than 
those he had seen pre\TousIy in the eye in India. 

Dr. G. R. Mather Cordiner. 

A series of radiograms showing appearances in ulcerative colitis. 

Dr. A. F. Cole. 

X-ray photographs of a case of extensive necrosis of the cranial bones 
following empyema in a boy aged 17i. 

May, 1936. — Pleurisy followed by empyema. June, 1936. — Rib resection 
and siphon drainage : contents 3 pints pus. No tubercle bacilli but anaerobic 
streptococci present. Healed completely. November, 1936. — Slight blow to 
occiput was followed by necrosis of occipital bone. Anaerobic streptococci 
present. 

Subsequently there has been progressive necrosis of both parietals, both 
temporals, and both frontal bones. Many sequestra have been removed and 
seven drainage incisions made. Necrosis steadily advancing. 

Treatment . — 6 ferrous sulphate pills (Glaxo) daily ; 3 prontosil tablets 
daily ; open air and good feeding ; peroxide of hydrogen lavage. 

Present Blood Picture, November, 1937. — Haemoglobin, 78 per cent. 
Reds, 5,080,000 per c.cm. Whites, 13,800 per c.cm. Colour index, 0-78. 
Differential count : Polymorphs, 80 per cent. ; lymphocytes, 14 per cent. ; 
monocytes, 6 per cent. No abnormal red cells. Wassermann negative. 

Summary. 

It is difficult to decide whether to advise extensive necrosis operations or 
to continue to encourage natural resistance with local drainage and drugs. 

The periodic examination of pus films shows remarkable decrease in 
numbers of streptococci : on one occasion two out of seven cultures from 
different sinuses remained sterile and it is possible that prontosil may have 
been a factor in producing this result. 


Dr. N. Hamilton Fairley. 

I. Pathological specimens in recent fatal cases of Weil’s disease. 

II. Cases. 

(1) Hepatic cirrhosis with haematemesis and megalocytic anaemia (storage 
defect ?). 

(2) Tropical sprue treated with anahaemin — Haematological response. 

(3) Case with calcification of the spleen of unknown aetiology (X-ray 
picture). 
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Dr. N. Hamilton Fairley and Mr. Naunton Morgan. 

Case. 

Segmental ulcerative colitis with polyposis (X-ray pictures). 


Dr. N. Hamilton Fairley and Mr. R. J. Bromfield. 

Pseudo-methaemoglobin, occurring naturally in pancreatic cyst , fluid as 
well as that produced artificially was demonstrated on the Hartridge reversion 
spectroscope. Tables were shown comparing and contrasting pseudo- 
methaemoglobin with other blood pigments such as methaemoglobin and 
sulphaemoglobin having an a band in the red portion of the spectrum. 

I. Pseudo-methaemoglobin — its demonstration in pancreatic cyst fluid. 

Over 3 litres of dark brown turbid fluid was aspirated by Mr. McIndoe 
from a large pancreatic cyst in a patient under the care of Dr. Manson-Bahr. 
The fluid, which was just alkaline to litmus, contained albumin and diastase, 
but no bile salts or pigments. The benzidine test was positive. After centri- 
fugalization an occasional red cell and leucocyte were found in the deposit. 

Spectroscopical examination showed no oxyhaemoglobin but an a band in 
the red at approximately 6230 A, with a diffuse absorption in the green-blue 
portion of the spectrum. The a band remained unaltered after treatment with 
(1) freshly prepared Stokes’s reagent ; (2) ammonium sulphide (10 per cent.) ; 
(3) hydrogen peroxide (10 volumes) ; (4) coal gas ; (5) hydrazine hydrate 
(50 per cent.). On the other hand, it was definitely dispersed by solid sodium 
hydrosulphite (Na 2 S 204 ). In its behaidour to chemical reagents the pigment 
corresponded to pseudo-methaemoglobin. Pseudo-methaemoglobin can be 
readily distinguished from methaemoglobin and sulphaemoglobin by carrying 
out the above-mentioned tests, as well as by comparison on a Hartridge reversion 
spectroscope, as was demonstrated at the meeting. The a band of pseudo- 
methaemoglobin was shown to lie mid-way between methaemoglobin (6300 A) 
and sulphaemoglobin (6180 A). With methaemoglobin the a band was dis- 
persed with all six reagents mentioned. With sulphaemoglobin, though the a band 
was slowly dispersed with hydrogen peroxide and showed a slight shift towards 
the green with coal gas, it remained unaltered with Stokes’s reagent, ammonium 
sulphide (10 per cent.), sodium hydrosulphite and hydrazine hydrate (50 per 
cent.). 

Comment . — In a former communication* to the Society we have shown 
that pseudo-methaemoglobin is produced in severe intravascular haemolysis 
such as occurs in blackwater fever and incompatible transfusion where oxyhaemo- 
globin is liberated from the corpuscles into the circulating plasma. 

*l'Aini.EY, N. H. & Bromfield, R. J. (1937). Pseudo-methaemoglobin in blackwater 
fever and its clinical significance. Trans. R. Soc. trap. Med. Hyg., 31, 139. 
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The present finding is of importance in as much as it shows that pseudo- 
methaemoglobin may also be produced outside tlie vascular system when blood 
escapes into a cavity, is haemolysed and subsequently mixes with plasma or 
serous transudate or exudate. We predict its presence in the brown coloured 
fluids found in other types of cysts which have contained blood as well as in 
joint effusions occurring in the haemarthroses. 

II. Artificial production of pseudo-methaemoglobin 

(a) By wciihating Solutions of Oxyhaemoglohin with Plasma derived from certain 
Animal Species. 

For this purpose plasma derived from man and monkeys of the species 
Macaciis rhesus, M. iris and Cercopithecus acthiops were utilised. When 1 volume 
of a strong solution of oxyhaemoglohin from any of these sources was incubated 
at 40° C. with 3 volumes of human or monkey plasma collected under sterile 
conditions, pseudo-methaemoglobin was produced within a period of 2 to 
3 days. On the other hand, when solutions of oxyhaemoglohin were incubated 
with plasma derived from laboratory animals such as the rabbit, guineapig and 
rat, pseudo-methaemoglobin was never demonstrated, though methaemoglobin 
appeared in certain of the specimens. Control solutions of oxyhaemoglohin 
from all species readily produced methaemoglobin when incubated alone for a 
period of 12 to 24 hours. 

{h) By adding Alkaline Haeniatin to Plasma derived from certain Animal Species. 

Alkaline haematin was prepared by adding pure haemin to water made 
alkaline with two or three drops of 10 per cent, sodium hydroxide, and this 
was subsequently added to plasma derived from man. Macacos rhesus, M. ms and 
Cercopithecus aethiops and certain other animals including the rabbit and 
guineapig. 

In the case of human and monkey plasma pseudo-methaemoglobin was 
immediately produced, but not in that of any of the other animals investigated. 

Commejit. — The spectroscopic picture of pseudo-methaemoglobin pro- 
duced by incubating oxyhaemoglohin with plasma at 40° C. was identical with 
that encountered in blackwater fever, the ^ and y bands closely approximating 
to those of oxyhaemoglohin. When the pigment was synthetised by adding 
pure alkaline haematin to appropriate human or simian plasma known to be 
spectroscopically free from oxyhaemoglohin, the a bands closely approximated 
or were co-linear, but the ^ and y bands were no longer demonstrable, being 
replaced by a general absorption in this portion of the spectrum. 

Apart from these different spectroscopical features, which appear to be 
dependent on the absence of oxyhaemoglohin in solutions of the synthetised 
pigment, the chemical reactions of the incubated and synthetised pigment are 
similar in all respects. 
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From these and other obserA’^ations there can be little doubt that pseudo- 
methaemoglobin is a by-product of haemoglobin katabolism, and is formed both 
in vivo and in vitro by the union of haematin Avith some protein or other nitro- 
genous constituent contained in human and simian plasma. The observation 
that the plasma of laboratory animals is incapable of producing pseudo- 
methaemoglobin either on prolonged incubation Avith strong solutions of 
oxyhaemoglobin at 40° C. or on the direct addition of alkaline haematin, indicates 
that the particular protein or nitrogenous constituent implicated is either absent 
or present in insufficient concentration to form the ncAV pigment in demonstrable 
amounts. On the other hand, the oxyhaemoglobin, derived from any species of 
animal, is equally effective as a source of pseudo-methaemoglobin. This, 
hoAvever, is not surprising since the haemoglobin of mammals varies in the 
globin and not in the haematin content of the molecule. 

From the physiological and pathological vicAvpoints, these observations 
imply that pseudo-methaemoglobin is only likely to be formed in man and 
monkeys, and not in ordinary laboratory animals. This is probably one of the 
reasons AA'hy pseudo-methaemoglobin has not been previously recognised by 
laboratory Avorkers. 
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Either of the two subjects mentioned in the title of this paper might, in 
its complexity and far-reaching scope, be worthy of a treatise, I shall therefore 
now study the epidemiology of leprosy only briefly and in so far as is necessary 
to suggest methods of controlling the disease. 

Epidemiology is a word which has to be justified when applied to leprosy. 
We think of epidemics in connection with acute diseases introduced from 
without with a more or less rapid rise and fall of incidence and virulence ; or 
as related to a temporary increase in an endemic disease. What do we know of 
the introduction of leprosy ? We read of leprosy in India in the Vedic times, 
and of leprous slaves being imported from the sources of the Nile into Egypt 
several thousands of years before Christ ; but all is so vague and so distant in 
time and space that it is difficult to associate leprosy with a graphic curve. 
Leprosy, as found in the great continents of Asia and Africa, seems like the 
surface of the ocean, almost a dead level, stretched out over the centuries from 
the time of prehistoric man. 

It is when we find leprosy introduced in recent times into islands where it 

*This paper was read previously at the Edinburgh Branch of the Royal Society of 
Tropical Medicine and Hygiene on 25th October, 1937, 
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did not previously exist, and rapidly spreading through the native population ; 
and where, as in the Island of Nauru, in the Western Pacific, modern methods 
of control have checked and are gradually eliminating the disease, that we can 
see clearly that leprosy is subject to the laws of epidemiology. 

Whatever the actual causes which control the spread of leprosy, it seems clear 
that it belongs to a certain stage of human social development. In India it is 
not found among the nomadic tribes or among the aboriginals until they forsake 
their tribal customs and mix with, and adopt the customs of, more civilized 
people. In Arabia and in the Sudan in the wild nomadic life of the desert 
leprosy apparently hardly exists. It is in the comparatively fertile Yemen and 
at points w^here the contact with the outer world is most close that the disease 
is found. 

On the other side of the picture we find leprosy constantly being introduced 
in our own country, by those who have been infected in the tropics ; and yet, 
though it is not a notifiable disease and few special precautions are taken, leprosy 
with a few notable exceptions, does not spread. Recently some agitation was 
caused in France because of the ninety-five known lepers in Paris. Six had 
never been outside the country, and had contracted the disease by sexual contact 
with lepers and four others had contracted it conjugally. It is noteworthy that 
they were all adults. Perhaps the reason why leprosy does not spread in western 
Europe (with the exception of the Iberian Peninsula) is that, though it enters 
the community, it seldom enters the family. Those who settle in this country 
after contracting leprosy in the tropics seem for various reasons seldom to come 
into close contact with young children. There is evidence that, apart from the 
infection of children, leprosy has little tendency to spread. 

Molesworth upholds the theory that the present-day exemption of western 
Europe is due to racial immunity, the more susceptible strains having been 
eliminated during the Middle Ages, when leprosy was prevalent. There is 
little evidence, however, to support this theory. It is true that there were once 
2,000 lazarets in France, and 300 in this country ; but there is reason to believe 
that many of those formerly called lepers were not suffering from Hansen’s 
infection, and that leprosy was never sufficiently prevalent to have considerably 
immunized the community. 

The general statement therefore holds good that leprosy lies in the social 
stratum between nomadism and a certain moderately high level of sanitary and 
economic advancement. But even short of a high degree of such advancement 
there are many factors which have considerable influence in controlling the 
disease. 

Among these factors are the traditional customs regarding leprosy which 
grow up in the community. Recently reports have appeared of outrages in 
China, where some 200 lepers are known to have been lined up and shot by 
military leaders. It is only recently that such occurrences have been widely 
reported in the Press, but this method of dealing with leprosy is no new thing 
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in China. Nor is China the only place where such action has been taken. In 
south-west Nigeria leprosy is comparatively uncommon in spite of its great 
frequency in the Northern Provinces, and especially in the centre and east of 
the Southern Provinces. One likely explanation is that in the old slave-trade 
days lepers were got rid of in a manner similar to that in China. Such methods, 
apart altogether from their appalling cruelty, often defeat their own object, as 
they drive likely victims to concealment and consequently favour further spread 
of the disease. 

The same rule holds good regarding all use of compulsion in leprosy, if it 
is applied from outside the community. This has been well exemplified in the 
Philippine Islands, where compulsory laws of segregation applied since the 
beginning of this centur}’’ have done but little to get to the root of the problem. 

The relationship of density of population to leprosy is an interesting one. 
Unlike many other diseases leprosy is not as a rule associated with a dense 
population. In Great Britain it lingered on longest in scattered hamlets of 
Cornwall and Shetland. In Norway it continued in the fishermen’s huts in 
the lonely fjords. In the lonely valleys of the Himalayas it lingers on in little 
cabins generation after generation. This is probably explained in part at least 
by the peculiar susceptibility of the child to leprosy, the low toxicit)'^ and low 
fatality of the disease, and the long period after infection before the first signs 
are recognized. Thus leprosy is a disease of the crowded house, room and 
bed, and the more crowded and insanitary these are, the more likely is it to 
spread. In India the joint family system has an important bearing. In the 
first generation the house may be adequate in size ; but in the second generation, 
when the families of several sons have to be accommodated in the same building, 
overcrowding is the result ; and if one leper is introduced the infection has 
every chance of spreading by close daily contact. In Indian villages, the greater 
the amount of mixing of all castes and strata of the population, the more does 
leprosy tend to spread. This is especially so in industrial centres where tribal 
and caste rules are to a large extent laid aside, and those among whom leprosy 
is a common disease mix freely with other races who know little of leprosy and 
are unable to recognize it. 

The rise and fall of the leprosy curve in an area is not due to the develop- 
ment of physiological immunity so much as to the gro\Nl:h of a mental and sociah 
immunity. As the disease increases in the community its members learn to 
recognize it and take precautions. These precautions may not be adequate, nor 
sufficient to eliminate the disease, but they are generally sufficient to curtail it. 
Often the deformed neural case, in whom infection has more or less died out, 
will, because of his conspicuous signs, be isolated outside the village ; while 
the highly infectious cutaneous type is still allowed to mix with all and sundry. 
The fact that children, though infected in their earliest years, do not show con- 
spicuous signs till puberty, leads to the wrong assumption that they are not 
susceptible, and they are allowed to mix freely with infectious cases. 
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The Use of Compulsion. 

What then are the general principles which should govern a campaign for 
the control of leprosy in an endemic area ? Compulsory segregation of all cases 
in institutions would be the ideal method. This may be possible in small 
isolated areas like the island of Nauru in the Western Pacific, where autocratic 
power is effective ; or it might be applied where people are sufficiently intelligent 
and advanced to lend co-operation. But in vast areas like India, China and 
Africa the people are ignorant and superstitious, and the incidence is often 
1 per cent, of the population, and not infrequently may rise much higher (in 
West Africa it is 10 to 15 per cent, in many places). There institutional segre- 
gation is obviously out of the question except for a certain small fraction of the 
whole, and compulsory laws enforced by those outside the community would 
lead to concealment and thus defeat their own end. 

Compulsion has its right place, however, when it is applied not from without 
but from within — by the community itself. In England one of the most 
important factors in stamping out leprosy was the application of a modified form 
of the old Jewish law. The certified leper was counted as dead and banished 
by the community from its midst. The burial mass was pronounced over him 
and he was forbidden to buy or sell in the market or to come into close contact 
with others, and especially with children. These measures may not have been 
very humane, but they w'ere in keeping with the times, and they were apparently 
effective. They were a result of the translation of the Bible, and tvere a modified 
application of the levitical law' following on an educational campaign by the 
Church, which w'as at that time the chief source of enlightenment and progress 
in the land. 

In some parts of Africa leprosy is proving an alarming problem. In parts 
of the Belgian Congo the proved incidence is from 10 to 15 per cent., and in 
some places even more. There seems little doubt that this is largely due to lack 
of sanitation and the poor physique of the people, suffering severely as they do 
from parasitic and nutritional diseases. The people realize the danger of 
contagion, and their clan system w'ould drive out the foreign leper. But family 
instincts are strong and the child is closely nursed and tended by the infectious 
parent or relation, and so the disease spreads within the family and clan. 
Formerly the people W'ere ahvays at war with each other and the clans did not 
mix. Now, under European control, war is abolished and former enemies 
fraternize and the conditions for the spread of leprosy are thus more favourable. 

Treatment. 

The place of treatment in the control of leprosy is an important one, but 
one w’hich has often been exaggerated and misunderstood. We have no specific 
treatment for leprosy, any more than we have for tuberculosis. The most we 
can say is that leprosy compared stage by stage W'ith tuberculosis is somewhat 
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more amenable to treatment than the latter disease. In both, the main reliance 
must be placed upon general methods and improvement of the health of the 
patient. When this can be secured, and with the help of certain special 
remedies, such as chaulmoogra oil and its preparations, the majority of cases 
may be expected to recover, though the more the disease advances beyond a 
certain stage the more difficult and hopeless does it become. But the main 
difficulty, at least at present, is to secure the general hygienic and nutritional 
conditions necessary to make special treatment of any avail. 

Perhaps the main value of out-patient treatment is as a means of winning 
contact and the good will of the patient. Once these are secured it is possible 
to follow him up to his home, and there, after examination of contacts and 
thorough investigation of social and economic conditions, to institute an 
educational campaign. 

Such a campaign is not by any means confined to leprosy. In fact leprosy 
may be used as a key to open the door to general hygienic reform. When 
arbitrary compulsion is attempted the fear of leprosy drives to concealment. 
But when the patient’s co-operation has been won by offering him treatment, 
and this has been followed up by a careful survey in the village, tracing the 
spread of the disease through past generations, then the dread of leprosy may 
be used as a potent factor in inducing the individual and the community to take 
the simple means necessary to prevent the spread of the disease. For leprosy, 
though difficult to cure, is easy to prevent when the good will, understanding 
and co-operation of those concerned have been won. 

Leper Settlements. 

One of the all-essential factors in the control of leprosy is the large, well- 
staffed leper settlement. Such an institution must not be confused with the 
old type of leper asylum, where hopeless cases, driven out from their homes, 
congregate and pass their miserable and hopeless days fed by charity. The 
modern leper settlement, some of the best of which may be seen in Nigeria, is 
a very different place. There the patients are suitably housed and spend their 
lives in cheerfulness and usefulness. There it is possible to organize treatment 
in its only effective form — occupational therapy. Such a settlement is a hive of 
industry ; agriculture, horticulture, various industries, house building and road 
making are among the many activities. School and Church, scouts and guides, 
orchestra and dancing are among the many educational and social amenities, 
while the lepers themselves act as chiefs, magistrates and police to maintain order 
and organize various departments. 

The well-run leper settlement is in fact a model village, or cluster of villages 
— a centre of culture and progress, not only benefitting its own inhabitants but 
potentially a source of enlightenment and sanitary and social development to 
the whole area. This is indeed the most important aspect of the leper settlement. 
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It is a thoroughly democratic institution, and yet discipline and training enter 
into all its activities. A certain proportion of the patients can look forward to 
complete recovery, and after their years of training in public health, and 
especially in the prevention of leprosy, they may take a valuable share in the 
campaign against leprosy in the villages. 

Such an institution requires money, but when well organized it is astonishing 
how far the money will go. It cannot of course be self supporting. Many of 
the patients are in excellent general health, and the large majority can do a good 
day’s work, but there is always a residue of the weak and the helpless, the 
crippled and the blind. In Nigeria the financial burden is largely met by the 
Government and Native Administrations, but the staff and organization and 
administration come from various missions. The success of a leper settlement 
necessarily depends on the man in charge ; and highly qualified and devoted 
men and women have not been wanting to undertake this difficult and laborious 
task, on salaries little more than a subsistence allowance ; all honour to their 
noble and altruistic spirit. 

What of the Future of Leprosy Control ? 

Leprosy in endemic countries is so inextricably bound up with economic, 
social, educational and sanitary problems, that its control can only advance 
simultaneously with the solution of these problems. It is significant that in 
this country the lazaret was the precursor of the modern hospital, and that 
many of the early public health laws in this country were passed for the control 
of leprosy. From its very nature leprosy is qualified to be a key disease, a key to 
open the door to further general sanitary and social reforms. I have already 
described the Nigerian leper settlement as a centre of general enlightenment in 
the district where it is situated. Likewise the fear of leprosy may be used as a 
force which, if wisely directed, will drive the endangered villager to adopt 
general sanitary reforms. 


Dr. Muir showed a cinematograph film illustrating the activities of a leper 
settlement. 
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Introduction. 

There is no other aspect of leprosy which has attracted so much attention 
in recent years as the tuberculoid lesion. The recognition of this variety of 
leprosy is probably the most important advance in the study of the disease since 
H.ansen discovered the leprosy bacillus in 1874. After the discover}’^ of hydno- 
carpus oil attention was almost exclusively devoted to the application of its soaps 
and esters in the treatment of leprosy. In India especially the drug was hailed 
as a specific, and adverse reports from other countries scarcely tempered the 
enthusiasm of the Indian leprologists. In any case the circumstances were 
peculiar. The fact is that hydnocarpus zvas producing results in India even 
though it was not so successful elsewhere. Again, outside India, doctors were 
reporting trials on series of patients with discrete lesions which could be accurately 
described, measured and, above all, photographed before and after treatment. 
In such a series of cases the results of treatment — no matter what drug was used 
— especially over a short period, were almost invariably good. Now, the 
tuberculoid lesion is a discrete lesion which lends itself to photography and 
measurement. The incidence of tuberculoid leprosy in northern India accord- 
ing to Lowe’s (1937b) latest figures is about 40 per cent, of the total cases. When it 
is realised that tuberculoid leprosy is easily influenced — although not necessarily 
cured — by various medicaments and further that it is subject to various changes 

*I ani indebted to the staff and patients of the Federal Settlement, Sungei Buloh, 
F.M.S. , for much help and co-operation. I am deeply indebted to the staff of the Institute 
of Medical Research, Kuala Lumpur, and especially to Dr. R. Lewthwaite and Dr. Savoor 
who have verj" kindly cut and prepared some hundreds of sections of leprous material 
for me. To Prof. W. A. Young, of Singapore, I am indebted for some helpful criticism 
and to the Director of Medical Sendees, Straits Settlements, for permission to publish 
this paper. 
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in appearance even in the absence of treatment, then we begin to understand 
why workers in different countries should report such conflicting results. I 
think it is a good thing that the attention of leprologists has been diverted for 
the moment from the treatment of leprosy to a study of the evolution and signifi- 
cance of the tuberculoid lesion. 


Historical. 

From the histological point of view all the main facts in regard to tuberculoid 
leprosy have been known for many years. Wade (1934a) gives an historical 
review of the subject and says Jadasshon first mentioned giant cells in leprosy 
in 1898. Pautrier and Boez, describing a case of tuberculoid leprosy at the 
Strasbourg conference in 1923, stated that Ramon y Cajal, Thoma, Mitsuda 
and others had previously recognized the existence of giant cells in leprosy. 
Hansen and Looft (1895), however, state : “ in the many . . . thousands 
of preparations of leprous affections, which we have had under the microscope, 
we have never seen either a typical giant cell with marginal nuclei or caseous 
degeneration. There are indeed multinuclear cells . . . but never giant cells 
like those of tubercle.” It is strange that Rogers and Muir (1925) do not 
mention it in their Leprosy although many of the cases at their disposal 
must have been tuberculoid. For all that, one can recognize the lesion in their 
illustrations. Henderson described the annular lesion and the uniformly 
raised plaque in 1928. The most important step in the study of the condition 
was made in 1934, when Wade crystallized his experiences into a systematic 
description of the lesion. 

Clinical Features. 

It would be difficult to improve on Wade’s (1934a) excellent description 
of the tuberculoid lesion, to which the reader is referred. His illustrations 
are good and they make the recognition of typical lesions a comparatively simple 
affair. There are, however, so many divergencies from the typical, especially 
in that borderland where the lesion tends to degenerate to the cutaneous type, 
that this aspect of tuberculoid leprosy will be a fascinating and, I think, a pro- 
fitable study for years to come. 

For purposes of description the basic skin lesions fall under two headings : 
(1) the annular or “ zone” lesion and (2) the raised plaque. There is a tendencj^ 
for these two types to follow different courses, especially during reaction, but 
It would be unwise in our present state of knowledge to lay too much emphasis 
on minor differences. The raised plaque can, in my opinion, merge into the 
annular type and both types of lesion can occur at the same time in the same 
patient. 

(fl) The annular lesion consists typically of a depigmented patch surrounded 
by a narrow, raised, erythematous border. The centre is usually anaesthetic 
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to light touch but not completely analgesic. As a matter of interest it might 
be noted that it reacts to leprolin just as the surrounding skin does and may 
give Lewis’s triple reaction on hea^’y stroking. The margin is raised, sometimes 
ver}’- slightly indeed, and often scaly. The colour of the margin in a light- 
skinned race — Chinese, for example — ^is red or dusky and is always in contrast 
with the depigmented centre. The margin is usually one-eighth to half an inch 
wide (see Figs. 1 and 2). Two or more patches may coalesce to give a serpiginous 
outline. The lesions var}”^ greatly in size and number. One sees small lesions 
— not more than 1 inch in diameter — or again, large patches covering many 
square feet on the trunk. 

(6) The raised plaque is not so easy to recognize as the annular type. 
Typicall)^ it is slightly raised above the level of the surrounding skin. The 
surface is scaly and often puckered, or it may be granular, or even warty. It has 
a peculiar and almost distinctive colour due no doubt to a certain amount of 
venous stasis in the underlying granuloma. The edge is sloping, but it ma)'^ be 
abrupt, or again, abrupt in one direction and shelving off imperceptibly into 
healthy skin in another direction. There are great variations in number 
and in size. In some cases the lesions are small and multiple ; in other cases 
there are only two or three large patches (Figs. 2, 4, 5). The larger plaques 
are commonly met with on the face, back and about the large joints — especially 
near the shoulders and knees. 


Pathology. 

For purposes of description the pathology of the plaque is identical with that 
of the margin of the annular type. 

The essential feature of this lesion is a dense cellular infiltration of the 
corium Avhich tends to destroy the specialized structures contained therein, 
including the hair follicles (Figs. 9 and 10), sebaceous glands and superficial 
nerves. The infiltration is circumscribed, but it may e.xtend upwards to flatten 
the papillae and downwards into the subcutis. Mum and Chatterji (1933) 
noted that it followed the course of the superficial nerves for some distance. 
Wade (1936), in a recent classification, reserves the term “ major tuberculoid ” 
for these extensive infiltrations. 

The predominant and characteristic cell in this infiltration is the epithelioid 
cell, easily recognized by its oval, vesicular nucleus. The origin of this cell, 
which is an essential constituent of all the granulomata, has given rise to much 
discussion in the past. Most modern authorities agree in classif5dng it with the 
histioc}’tes as part of the reticulo-endothelial system of Aschoff. A more 
important matter is the question of the identity of this cell with the “ foam ” 
cell (lepra cell, Virchow cell) of cutaneous leprosy. Henderson (1930), in a 
review of the pathology of leprosy, considered that the foam cell was an 
epithelioid cell in which the nucleus was pushed aside by a felted mass of 
bacilli. Muir (1934a) and Muende in Silcock’s (1934) case seem to regard 
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the two cells as identical. Wade (1936), however, would draw a sharp distinction 
between the two cells. Mitsuda (1935) found globi and Lowe (1936) found 
bacilli in giant cells. As the latter are presumably derived from the epithelioid 
cells, it is probably safe and it is certainly convenient to regard the foam cell and 
the epithelioid cell as identical in origin and purpose. 

The infiltration in the tuberculoid lesion takes the form of more or less 
discrete aggregates of epithelioid cells with a sprinkling of round cells and 
fibroblasts especially at the periphery of each bundle. Giant cells occur 
frequently and even when they are not present the cells tend to be arranged 
in whorls as if preparatory to giant ceil formation. The giant cells are of the 
Langhans type with a homogenous centre and radially arranged nuclei at the 
periphery and very like those seen in tuberculosis. There is not usually so much 
round-celled infiltration at the periphery, however, as there is in tuberculosis. 
Necrosis is unusual, but it does occur. This is the basis of nerve abscess, 
which must be regarded as part of tuberculoid leprosy. These abscesses are 
rare outside India and are probably an index of high incidence of tuberculoid 
leprosy. 

Bacilli are difficult to find in the slowly progressive lesion, but, as will be 
shown later, they can be very numerous during reaction. 

The above accounts — necessarily brief and by no means complete — are 
intended to describe lesions in which activity is at a low ebb. Leprosy is 
confusing, because, during the progress of the disease, the pathology ma}'- 
undergo a radical change. It is only by frequent biopsy that we can study the 
dynamic pathology of the disease. The ideal to be aimed at is continuous study 
of series of cases over a long period. This was not possible during my stay at 
Sungei Buloh, but by studying a series of cases at different stages of the 
condition I have tried to construct a composite picture of the progress of the 
disease. Illustrative cases will be quoted at this stage. 

Group I. 

TYPICAL CASES OF TUBERCULOID LESIONS IN DIFFERENT RACES. 

Case 1. 

No. 4,400. Chinese, male, aged 55 years. Duration of leprosy 5 years. He began 
as a neural leper and had a perforating ulcer of the right foot for which his leg was amputated 
4 years ago. His main lesions at the moment consist of two large patches on the abdomen 
and flanks each covering more than 1 square foot in area. The lesions have raised 
erythematous margins and hypopigmented centres fFig. I). Anaesthesia is not complete 
in the centres. 

Laboratory findings. * 

Nose. • Ears Patches 

R. — ve. L. — ve. R. few. L. few. Neck : few. 

W.R. and Kahn test negative. S.I. 20. A section from one of the abdominal patches 
showed compact granulomatous infiltration with many giant cells. No acid-fast bacilli 
were seen in the section. 


*W.R. — Wassermann reaction. Bacteriological findings are given as : — ve (negative), 
few, + VC (positive), + + , according to bacillary content. S.I. = Sedimentation index. 




Fig. 3. Fig. 4. 


Fig. 1. — Large annular lesions on the abdomen, edges infiltrated and raised. Small patches on 

right cheek and on neck. 

Fig. 2. — Annular and plaque lesions. 

Fig. 3. — ^Annular lesion in reaction. Note extensive ulceration, which in some instances has 

spread to involve the depigmented centre. 

Fig. 4. — The facial plaque in reaction. The appearance of the ear, which looks “ cutaneous,” is 
deceptive in such cases. The eye is completely closed. Paralysis of the orbicularis is an 

inevitable sequel. 


To face pa-^e 38() 
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showed compact granulomatous infiltration with many giant cells. No acid-fast bacilli 
were seen in the section. 


^W'.R. — Wassermann reaction. Bacteriological findings are given as : — ve (negative), 
few, + VC (positive), + + , according to bacillary content. S.I. = Sedimentation index. 




Fig. 3. Fig. 4. 


Fig. 1. — Large annular lesions on the abdomen, edges infiltrated and raised. Small patches on 

right cheek and on neck. 

Fig. 2. — ^Annular and plaque lesions. 

Fig. 3. — ^Annular lesion in reaction. Note extensive ulceration, which in some instances has 

spread to involve the depigmented centre. 

Fig. 4. — ^The facial plaque in reaction. The appearance of the ear, which looks “ cutaneous,” is 
deceptive in such cases. The eye is completely closed. Paralysis of the orbicularis is an 

inevitable sequel. 


To face 3S(> 
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the two cells as identical. Wade (1936), however, would draw a sharp distinction 
between the two cells. Mitsuda (1935) found globi and Lowe (1936) found 
bacilli in giant cells. As the latter are presumably derived from the epithelioid 
cells, it is probably safe and it is certainly convenient to regard the foam cell and 
the epithelioid cell as identical in origin and purpose. 

The infiltration in the tuberculoid lesion takes the form of more or less 
discrete aggregates of epithelioid cells with a sprinkling of round cells and 
fibroblasts especially at the periphery of each bundle. Giant cells occur 
frequently and even when they are not present the cells tend to be arranged 
in whorls as if preparatory to giant cell formation. The giant cells are of the 
Langhans type with a homogenous centre and radially arranged nuclei at the 
periphery and very like those seen in tuberculosis. There is not usually so much 
round-celled infiltration at the periphery, however, as there is in tuberculosis. 
Necrosis is unusual, but it does occur. This is the basis of nerve abscess, 
which must be regarded as part of tuberculoid leprosy. These abscesses are 
rare outside India and are probably an index of high incidence of tuberculoid 
leprosy. 

Bacilli are difficult to find in the slowly progressive lesion, but, as will be 
shown later, they can be very numerous during reaction. 

The above accounts — necessarily brief and by no means complete — are 
intended to describe lesions in which activity is at a low ebb. Leprosy is 
confusing, because, during the progress of the disease, the pathology may 
undergo a radical change. It is only by frequent biopsy that we can study the 
dynamic pathology of the disease. The ideal to be aimed at is continuous study 
of series of cases over a long period. This was not possible during my stay at 
Sungei Buloh, but by studying a series of cases at different stages of the 
condition I have tried to construct a composite picture of the progress of the 
disease. Illustrative cases will be quoted at this stage. 

Group I. 

TYPICAL CASES OF TUBERCULOID LESIONS IN DIFFERENT RACES. 

Case 1. 

No. 4,400. Chinese, male, aged 55 years. Duration of leprosy 5 years. He began 
as a neural leper and had a perforating ulcer of the right foot for which his leg was amputated 
4 years ago. His main lesions at the moment consist of two large patches on the abdomen 
and flanks each covering more than 1 square foot in area. The lesions have raised 
erj’tMmatous margins and hypopigmented centres (Fig. 1). Anaesthesia is not complete 
in the centres. 

Laboratory findings * 

Nose. Ears Patches 

wn A Neck: few. 

\ .K. snd Kahn test negative. S.I. 20. A section from one of the abdominal patches 
showed compact granulomatous infiltration with many giant cells. No acid-fast bacilli 
were seen in the section. 


— Wassermann reaction. Bacteriological findings are given as : — ve (negative), 
tew, + ve (positive), + + , according to bacillary content. S.I. = Sedimentation index. 
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Fig. 1. — Large annular lesions on the abdomen, edges infiltrated and raised. Small patches on 

right cheek and on neck. 

Fig. 2. — Annular and plaque lesions. 

Fig. 3. — Annular lesion in reaction. Note extensive ulceration, which in some instances has 

spread to involve the depigmented centre. 

Fig. 4. — The facial plaque in reaction. The appearance of the ear, which looks “cutaneous,” is 
deceptive in such cases. The eye is completely closed. Paralysis of the orbicularis is an 

inevitable sequel. 
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Fics. 5 ami 5o. — In Fig. 5 paralysis of the superficial facial muscles has occurred. Note the 
quiescent plaques on the elbows and knee (Fig. 5a). 



Fig. 7. Fig. 8. 


Figs. 6, 6a and 6b . — Note again the discrete lesion with the sharply defined margin. The 
swelling of the lip gives a good idea of the depth of the infiltration in such a case. 

Fig. 7. — The photograph shows the facial lesion and the paralysis of the orbicularis palpebrarum. 
The patient is trying to close his eyes. The lesion on the hand had receded considerably when 

the picture was taken. 

Fig. 8. — Note that although the lesions are multiple^ each is discrete. 


Figs. 



Fig. S. 




Fig. 5a. 


5 nnd ^^8; 5 pamlysi of the superficial facial muscles has occurred. Note the 

quiescent plaques on the elbows and knee (Fig. 5a). 



Fig. 7. Fig. 8. 


Figs. 6, 6a and 6b. — Note again the discrete lesion with the sharply defined margin. The 
swelling of the lip gives a good idea of the depth of the infiltration in such a case. 

Fig, 7. — The photograph shows the facial lesion and the paralysis of the orbicularis palpebrarum. 
The patient is trying to close his eyes. The lesion on the hand had receded considerabl 3 ' when 

the picture was taken. 

Fig. 8. — Note that although the lesions are multiple, each is discrete. 
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to Wade (1934a), necrosis is rare in the tuberculoid of leprosy, though common 
enough in tuberculosis. The growth of the tuberculoid causes pressure on the 
epidermis, finally leading to erosion. This, and not necrosis, is the basis of 
ulceration in these cases. The growth and consequent erosion seem to be 
uniform over wide areas for we have often observed extensive ulceration to occur 
over-night. 

This local upheaval must lead to the extrusion of a large number of bacilli 
and, apart from the public health point of view, must be regarded as a beneficial 
reaction. No doubt it was a reaction of this kind, Rogers and Muir (1925) 
had in mind when they discussed “ elimination phenomena ” in their “ third 
stage ” of leprosy. 


Group III. 

THE PLAQUE IN REACTION. 


Case 4. 

No. 4,569. Chinese, male, aged .36. Duration of leprosy 4 months. The disease 
began with infiltration of the right cheek and ear lobe. Then another patch appeared on the 
abdomen. The infiltration on the cheek spread to involve most of the right side of the 
face. Then it became uniformly raised, cyanosed and succulent, involving the ear and 
completely closing the right eye (Fig. 4). The abdominal patch is depigmented in the 
centre with a raised erythematous margin — annular type. A section from here showed 
typical epithelioid infiltration with a few giant cells. Hacilli were present but very scarce. 

Laboratory findings : — 

Nose Ears Patch 

R. few. L. few. R. — vc. L. — ■ ve. Neck : — ve. 

W.R. and Kahn tests negative. S.T. 18. 


This case is interesting because it shows a typical reaction in a plaque, 
while the annular lesion is quiescent. 

The infiltration in such cases goes veiy deep into the tissues. The 
superficial facial muscles and the superficial branches of the fifth and seventh 
nerves get caught in the infiltration and are destroyed. This gives rise to a 
local paralysis and anaesthesia involving the peripheral branches of two different 
cranial nerves in the same situation — the “ extremely peripheral neuritis ” of 
Monrad-Krohn (1924). The end results of this type of reaction will be seen 
in the next case. 


Case 5. 

No. 4,410. Tamil, male, aged 35 ycjirs. Leprosy began 5 years .ago with ulceration 
of the right foot. Later fingers became mutilated. He has involvement of face, elbows 
and left knee. Six months ago face reacted involving eyes. There w.as a uniform .swelling 
which h.as now receded causing paralysis of the superficial muscles of the face and ectropion 
of the right eye (Fig. 5). 

Laboratory findings : — 

Nose Ears Patches 

R. — ve. L. — ve. R. — ve. L. — vc. L. arm : few. 

A section from the left knee showed compact granulomatous foci with numerous giant 
cells. No bacilli were seen. 
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This case is similar to Case 4. It illustrates the end result of this type of 
reaction. Smears from the conjunctiva were positive for lepra bacilli. It looks 
as if ultimate blindness were inevitable. The lesion on the left knee (Fig. 5a) 
is a typical plaque tuberculoid in a Tamil. It shows no sign of reaction. 

Case 6. 

No. 4,532. Tamil, female, aged 18 years. Duration of leprosy doubtful. 
Right small toe lost 8 months before admission. First confinement 6 months before 
admission. Admitted to Sungei Buloh, 2.4.3fi. Her skin lesions appeared 2 months 
after her first confinement. 

On admission, she had a large annular lesion extending over buttocks and thighs. 
There were tsvo plaques on left arm. The left side of the face was greatl}' swollen and 
erythematous. The infiltration involved the forehead and left car lobe. It looked not 
unlike a cellulitis, but the margin was discrete and constitutional symptoms were very 
mild. The eye was completely closed. This lesion scaled freely and went down in 3 
weeks. It reacted again and she was admitted to hospital on 25.5.36, with reaction in the 
face and arm lesions. When the reaction subsided in the face a narrow depigmented 
band appeared on the border of the lesion. (See Figs. 6, 6a and 6b for varying appear- 
ances dui;ing reaction). 

Laboratory ftndwgs : — 

Nose Ears 

R. few. L. few. R. + ve. L. -f- ve. 

Of four “ snips ” taken from different parts of the arm lesion two were negative, 
one showed one acid-fast and one showed two acid-fasts. 

The three cases in this group call for special comment. In the first place 
this form of facial lepride in reaction constitutes one of the most striking features 
in leprosy. Once recognized they present little difficulty in diagnosis. In 
appearance, they are sharply demarcated, turgid, smooth and cyanosed. They 
have a tendency — noticeable in Case 6 — to react and subside with considerable 
frequency. We might summarize the special features of this group as follows : — 

(1) If plaques and annular lesions are present, reaction, if it occurs, will 
affect the plaques. 

(2) The facial plaque will react before lesions in other situations whether 
the latter are plaques (Case 5) or annular lesions (Cases 4 and 6). 

(3) Reaction in facial plaques often subsides quickly and recurs frequently. 

(4) The extremely local nature of the reaction is further borne out by the 
absence of malaise, pyrexia, or any symptoms of general systemic disturbance. 

Group IV. 

RECESSION OF LESIONS. 

^ {a) In severe complicating disease, {b) Without apparent cause. 

Case 7. 

No. 4,018. Chinese, male, aged 45 years. Duration of leprosy 5 years. Original 
lesion on nose (?) annular type. Paralysis of fingers of left hand developed later and this 
was followed by contractures. The facial lesion had spread to involve both cheeks and lower 
eyelids on admission to the Settlement in June, 1935. He had intradermal and intramuscular 
esters and fluorescein and resorcin intravenously, by way of treatment. In January, 
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1936 he was admitted to the Settlement hospital with signs of active pulmonary tubercu- 
losis.’ X-ray revealed infUtration of all zones of the left lung and suspicious shadows 
at the right base. On admission the skin lesions had all gone down. He improved 
considerably with rest and put on IS lb. in weight before he was discharged from hospital 
in June, 1936. . . . 

,\s soon as his lung condition began to improve the skin lesions showed signs of acti\nt\'. 
In the face reaction took the form of a wartj' hyperkeratosis with some underlying infiltra- 
tion. An old depigmented lesion on the dorsum of the left hand came up as a swollen, 
cyanotic, glistening, discrete patch. (See Fig. 7.) A section from the hand revealed 
epithelioid infiltration, not as discrete as usual, and acid-fast bacilli were present. No giant 
cells were found. 

This reminds one of a case described by MuiR (1934b). In Muir’s case the 
initial lesion was a macule on the face. This was stationar}^ for some years 
until the patient developed t5T3hoid. The lesion disappeared during the course 
of the t 5 ’’phoid fever, only to recur during convalescence. Later he had an 
attack of dysentery. Once again his leprosj’’ disappeared and the patient thought 
himself cured. During convalescence, however, the leprosy recurred in a more 
widespread form. 

In our case we see much the same train of events — recession of lesions 
during the course of severe disease with recurrence during convalescence. 
This recession of leprotic lesions in debilitating circumstances is common to all 
forms of leprosy. In the case of tuberculoid leprosy with lesions of low bacillary 
content such recession can be — and often has been — mistaken for cure. The 
next case to be quoted illustrates the problem in prognosis which arises in 
circumstances of this nature. 

Case 8. 

No. 3,156. Chinese, male, aged 46. Duration of leprosy 3 years. According 
to his account his original lesions were raised erythematous plaques on the face. He was 
first admitted into the Settlement bn 18.2.33 and discharged on parole on 2.S.3.5 at which 
time his lesions had all subsided. He was re-admitted on 23.2.36. He had multiple 
lesionsall over the face, chest and abdomen (Fig. 8). The lesions were in various stages of 
reaction. They were raised, eiythematous and discrete. The fresh ones looked red and 
succulent, the older ones were scaling. In the course of 2 to 3 months the lesions subsided 
leaving verj' dark patches, some of which were actually below the level of the surrounding 
skin. There was veiy little ewdence of systemic disturbance in the way of pyrexia or 
malaise during the period of reaction. 

Laboratory findings : — 

Nose Ears Patch 

~ L. ve. R, -h-f-. L. -F + . .^.bdomen ' -h 

\v.R. and Kahn tests negative. S.I. 18. A section from one of the patches on the 
trunk showed dense granulomatous infiltration with verjTew giant cells. Acid-fast bacilli 
were present in large numbers. 

Here is an important case from many points of view. In the first place, 
he was discharged on parole 6 months before re-admission. At the time of 
discharge we can take it that he was clinically and bacteriologically free from 
signs of leprosy. And yet 6 months later he had widely disseminated active 
lesions. On enquiry' it was found that he was treated bj' intramuscular injections 
of hydnocarpus esters during his first sojourn in the Settlement. 
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In the second place the high bacillary content of his lesions should be 
noted. At the same time the histological findings were those of tuberculoid 
leprosy. Giant cells were actually present although very few in number. It 
was interesting to reconcile the presence of numerous bacilli with giant cells 
in the section. It will be noted that Case 3 presented similar findings. 

Effects of Treatment. 

It is not proposed to discuss fully the influence of treatment on the course 
of tuberculoid leprosy. Of the cases in Group III — reacting plaques — two 
came into the Settlement in a state of reaction. One case in this group {Case 4) 
was given tuberculin, a second had no treatment. The third had hydnocarpus 
treatment before reaction. Case 7 had a variety of treatments including 
hydnocarpus and various organic chemicals. Case 8 relapsed after becoming 
“ clinically cured ” on orthodox hydnocarpus treatment. Wade (1934c) quotes 
a case of reaction in a tuberculoid leper brought on by excess potassium iodide. 
A cursory glance through the literature is sufficient to emphasize the fact stated 
at the beginning of this article, viz,, that therapeutists in leprosy have unwittingly 
concentrated their best efforts on the tuberculoid lesion. Muir (1934b) has 
already emphasized the fallacy of taking recession of lesions as a criterion of cure. 
To appreciate this it is necessary to bear in mind the initial paucity of bacilli in 
these tuberculoid lesions. A debilitating disease or the indiscriminate injection 
of toxic chemicals can and, in my experience does, cause the lesions to disappear 
temporarily. On recurrence, the cutaneous rather than the tuberculoid response 
is just as likely to be seen. Meanwhile, during the period of recession, 
especially in the beginning, the case may quite easily be bacteriologically negative 
and this, with the clinical silence, has been responsible for a host of spurious 
cures. A “ temporary benefit in a certain number of cases ” is a phrase all too 
familiar to the student of leprosy. The position is that we have only begun 
to recognize the peculiarities of the tuberculoid lesion. When we know more 
about its natural history then we can begin experiments designed to assess the 
influence of treatment. 

Relative Incidence of Tuberculoid Leprosy in the Different Races in 

Malaya. 

/ 

A survey of the inmates of Sungei Buloh Settlement was carried out by the 
writer in 1936. It was not found possible to examine all the Chinese and Indian 
adults, but all the children and all the Malay adults were examined. For various 
reasons which it is not necessary to detail here it can be taken that the group 
of adult Chinese and Indians examined constituted a random sample of their 
respective races in the Settlement. To make the survey complete all doubtful 
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cases should have been submitted to biopsy or prolonged clinical study. The 
population should have been grouped by duration of disease as well as by age, 
sex and nationality. Such a laborious procedure was out of the question but a 
certain amount of useful information can be gleaned from the comparatively 
superficial study which was carried out. The results of the survey are set out 
below. 


Table I. 

INCIDENCE IN Adults of the Various Races. 


Number Examined. 

Nationality. 

Sex. 

Tuberculoid. 

Doubtful. 

581 

Chinese 

M 

66 (11-3%) 

38 (6-3%) 

■201 

Chinese 

F 



ICG 

Tamil 

M ; 17 (10-2%) 

15 (9%) 

i2.3 1 Tamil 

F 

3 (13%) 

1 (•l-3%) 

50 1 Malay 

M 

2 (4%) 

nil 

2G j Malay 

1 

F 

nil 

nil 


Table 1 1. 

Incidence in Children and Young Adults by Nationality and Sex. 


Number Examined. 1 Nationality. 

! 

Sex. 1 Tuberculoid. 

Doubtful. 

2 Tamil 

M 1 

nil 

^ Alalay 

— 

M j nil 

nil 

Chinese 

M : 1 

1 

2 Tamil 

F j nil 

nil 

2 ' ^lalay 

F 1 1 

nil 

29 Chinese 

F 1 1 

■ 

1 

Total children examined 79 Tuberculoid 4 (5%) 
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The diagram shows the results at a glance. Only those wlio were 
definitely tuberculoid are included. 



M F M F M F _ M F 
Chinese Tamil Malay Children 


Before proceeding to the interpretation of the figures revealed by the 
survey there are a few items which call for comment. 

Under the heading “ Tuberculoid ” I have put only those cases which 
had typical discrete lesions and which would certainly show a tuberculoid 
picture on biopsy. The “ Doubtful ” cases are a miscellaneous group. There 
were lesions of the plaque type which might have been cutaneous on the one 
hand, or neural with a slight hyperkeratosis on the other hand. There were 
annular lesions with or without depigmented centres and in which the margins 
were erj'thematous and soft without being scaly. There were depigmented 
macules especially in Tamils, in which an erythematous border was not very 
definite. Finall}’’, there were cases similar to Case 5 who had parchment-like 
lesions probably denoting the e.xistence of old reacting plaques. 

It is hardly necessar}'’ to point out that these figures relate to a community 
of segregated, more or less advanced, lepers. The incidence of tuberculoid 
leprosy here is bound to be lower than in the community outside, although 
the relative incidence in the different races will probably be about the same. 
For obvious reasons the early tuberculoid will tend to conceal his lesions unless 
they are in an exposed situation, e.g., the face. By the time they are segregated 
no doubt many will hav'e become cutaneous. 

The survey reveals a low incidence in Mala)'s. The incidence in Chinese 
is surprisingly high, equalling that in southern Indians. Generally speaking, 
Tamils show a high incidence of neural leprosy, while the cutaneous type is 
more common in the Chinese. Lowe (1936) states that he did not find the 
tuberculoid lesion common in Dichpali — I take it he was working with Tamils 
and Telegus. There is, therefore, an enormous difference between the figures 
for the southern and for the northern Indian. This fact should be of interest 
to the student of the epidemiology of leprosy. 

The incidence in children — all nationalities — is low. The interpretation 
of this fact presents some difficulties at first sight. Muir, at various times, 
has insisted that the cutaneous lesion is the most likely manifestation of leprosy 
to occur in children. On the other hand, I have noticed at the skin clinic at 
the General Hospital, Singapore, that a very high proportion of the leprosy cases 
which come up for diagnosis are tuberculoid. Many observers will, I believe, 
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agree with this finding, viz., that the tuberculoid lesion is more commonly 
found in the early stages of leprosy. A study of the age at' which the signs of 
leprosy first appear throws some light on the matter. Among others, Muir 
and Rogers (1925) and, more recently, Lowe (1937a) have produced graphs 
to show the age at which the signs of the disease are first manifest. The peak 
of such a curve is always in the second or third decades. Hence the early case is 
not necessarily that seen in a child. Actually some of the earliest lesions are 
seen in adult life and middle age and some of the most advanced cutaneous 
cases in Sungei Buloh are in Chinese under 18 years of age. 

Figures for the world distribution of tuberculoid leprosy are not yet 
complete. It must be remembered, after all, that the recognition and study 
of the lesion are comparatively recent events. One gathers, however, from 
the available literature that the highest incidence is in northern India. The 
incidence among Chinese in Sungei Buloh is unexpectedly high. It should 
show a closer parallelism with the incidence of the neural type if the tuberculoid 
lesion is to be regarded as a sub-type of neural leprosy. The incidence among 
Malays is seen to be low and, I gather, this also applies to the Filipinos — a 
closely related race — and to the Japanese. Moiser (1935) gives the impression 
that the disease is not common in some parts of Africa. Perhaps future work 
may alter this impression. At the moment, the indications are that the incidence 
is high among these races that have been affected from time immemorial, e.g., 
the northern Indians, comparatively common among the Chinese and much 
rarer among the more recently infected Malays and Filipinos. 

The Significance of Tuberculoid Leprosy. 

What does tuberculoid leprosy mean to us ? How does the recently 
accumulated knowledge of the subject affect current ideas on leprosy as' a whole ? 
Wade, who has done so much valuable work on the condition, has always 
regarded it as a sub-type of neural leprosjL In his more recent work (Wade, 
1936), I consider that he rather minimises the importance of the tuberculoid 
lesion. He somehow gives the impression that it can never transcend in 
importance and significance the parent neural leprosy. No doubt from the 
clinical, and perhaps from the pathological, standpoint such a view is justified 
but there are many other considerations which demand a broader outlook on the 
whole subject. 

In tuberculosis we are familiar with the following types of tissue response 
to tuberculin or to the living bacilli : — 

1. No reaction to tuberculin in the non-immune untainted child. 

2. Ghon s focus in the lung — a response which involves the regional glands. 

3. ^ Chronic pulmonary tuberculosis — a local epithelioid-giant-cell response. 
In rapidly advancing disease, especially in primitive races, giant cells are often 
absent. I gather from our local pathologists that this is often the case in Malays, 
in whom the disease is apt to run a rapid course. 
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4. In pregnancy and severe disease, including the later stages of pulmonary 
tuberculosis, reaction to tuberculin does not occur. 

5. We might regard epituberculosis as the “ acute reaction ” of chronic 
pulmonary tuberculosis. 

In leprosy we recognize many types of response in the skin, nerves and 
internal organs which are difficult to classif 5 \ Mum (1934a) considered that 
the cellular exudate in the affected nerves was always less than that in the skin 
in individual cases. He excised pieces of skin with thickened nerves attached 
and so was in a just position to compare data. Sections of the internal organs 
are from postmortem specimens and are not strictly comparable with biopsy 
material from the skin during life. It is a common e.xperience in leprosy to 
find the internal organs flooded with bacilli without any sign of recent exudate 
in cases of death from wasting diseases, e.g., cancer, tuberculosis, etc. This, 
however, should not be interpreted as a manifestation of complete indifference 
to the presence of the bacilli, but rather as a depression of reaction in the terminal 
stages of the intercurrent disease. Indeed, I have good reason to believe from 
a study of sections that there is a cellular response in the kidneys and liver 
in many cases of leprosy, leading ultimately to chronic focal nephritis and to 
hepatic cirrhosis respectively. 

Henderson (1930) has described three types of cellular response in the skin, 
putting them in chronological order. 

1. The chronic inflammatory type of exudate consisting of “ small round 
cells ” with a few epithelioid cells and occasional fibroblasts. Bacilli are scarce. 

2. The tuberculoid lesion, characterized by an exudate of epithelioid cells 
with or without giant cells. Bacilli may be very difficult to find in quiescent 
lesions. 

3. The cutaneous type of exudate in which the “ lepra cell ” predominates. 
Bacilli are present in enormous numbers. 

We might put forward a tentative classification of the varied responses to 
lepra bacilli and to leprolin on the following lines. 

1. Indifference to leprolin in the untainted child and tolerance (a) in 
debilitating disease and (b) in advanced cutaneous leprosy. 

2. The simple chronic inflammatory type of exudate — chiefly “ small 
round cells ” with few bacilli. The injection of leprolin produces a local 
reaction. 

3. The epithelioid-giant-celled (tuberculoid) response. Bacilli are scarce. 
Acute reaction — a purely local phenomenon — is an intensification of the process 
and is often associated with increased bacillary content. Leprolin produces 
intense reaction and may, according to Muir (1934a), lead to giant cell formation, 
caseation, etc. 

4. The cutaneous type of response. There are enormous numbers of 
bacilli and relatively few cells. Acute reaction — lepra fever — ^is an 
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intensification of the local response plus S 5 'stemic involvement in the way of 
fever, etc. The injection of leprolin produces little or no reaction. 

5. Tolerance to leprolin and to lepra bacilli in severe debilitating disease. 
A similar phenomenon is, for all practical purposes, unknown in human 
tuberculosis. Steinbach (1935) records that the albino rat can be infected with 
human bacilli and live for many months without any signs of disease. At 
autopsy, although there are no lesions, even microscopically, the tissues can be 
shown to contain bacilli by the results of guineapig inoculation. In man there 
is a similar tolerance to the presence of lepra bacilli during severe disease. Muir 
(1934a) states — and I can confirm this — that the lesions often recede to such an 
extent that previously nodular cases may present an appearance calculated 
to deceive even those with a considerable experience of the disease. 

The local and general reactions of tuberculosis and leprosy are often 
e.xplained on the basis of allergy. There is considerable justification for such 
a point of view, but the mechanism of the reactions is much more complicated, 
especially in leprosy, than in simple allergic conditions like hay fever or bronchial 
asthma. The latter conditions are very much all-or-none responses to specific 
stimuli. In tuberculosis, as we have seen, there are gradations in the intensity 
of the response. Even so, the intensity of the response is in great measure 
roughly proportional to the amount of bacilli present. In leprosy it seems 
as if the immunity mechanism of the body was geared to produce diflFerent 
types of response at different levels of bacillary content, but the response is not 
necessarily in direct proportion to the bacillary content. In tuberculoid leprosy 
we find an exudate containing an enormous number of cells per unit of bacilli. 
If an advanced cutaneous case responded in a similar manner the resulting 
tuberculoma would fill St. Paul’s. 

Probably the first response to the presence of the lepra' bacillus is a peri- 
vascular infiltration of “ small round cells ” as described above. This — the 
initial lesion — will probably be in nervous tissue. No doubt there are many 
cases in which this is sufficient to eradicate the infection. In the event of its 
being unsuccessful there are many possibilities to consider. 

1. A local equilibrium may be established between the bacilli and the 
tissue. A similar equilibrium is thought to occur in tuberculosis. This would 
be just sufficient to confine the bacilli in situ. Organization of the exudate 
in the affected nerv'e will lead to increasing palsy and anaesthesia. The response 
in such cases, although teleologically sound, may lead to appalling results in the 
way of disease. Quite a small infection in the sciatic nerve, for example, may lead 
to complete disorganization of the foot. 

2. It seems that tuberculoid leprosy can occur in three different sets of 
circumstances. 

{a) As the equilibrium shifts in favour of the tissue the sensitivity to 
the presence of the bacilli seems to increase. This has been noted in 
cutaneous cases on the way to cure. 
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(b) As the infection passes from the nerves to the more sensitive skin. 

(c) Possibly as the result of a massive dose of infection in a previously 

sensitized (abortive) case. 

The tuberculoid response seems to be very successful in limiting the spread 
of the bacilli in neural leprosy. Rogers and Muir (1925), Wade (1934b), 
Lowe (1934) have all, in dealing with nerve abscess, drawn special attention 
to this fact. In the skin the tuberculoid response may be similarly successful. 
In both cases, however, we see an excessive response to the number of bacilli 
present. 

3. The tuberculoid exudate may completely disappear and be replaced 
by the cutaneous type of response. The change over is in many cases 
accomplished after a latent period in which there is no exudate. There may 
be distinct improvement in neural and skin lesions as a result. No doubt 
the original round-celled lesion mentioned above (see 1) can degenerate directly 
into the cutaneous type without an intermediate tuberculoid phase. There 
is good reason to believe, however, that the intermediate tuberculoid phase more 
often occurs. 

The increase in the red cell sedimentation rate, the fact that the Wassermann 
and similar reactions become positive, should be interpreted as evidence of a 
humoral or systemic response as well as a local response. There is depression 
of the local response as evidenced by the negative leprolin reaction, the fact 
that bacilli can frequently be recovered from the blood stream and the temporary 
amelioration of neural symptoms when the change over to the cutaneous type 
occurs. 

Beyond a certain concentration of bacilli the tuberculoid response cannot 
very well occur. As the ratio between the cells and bacilli is many hundred 
times greater in tuberculoid than in cutaneous leprosy, it would be natural 
to expect a quantum, rather than a gradual, change over in some cases. Actually 
this does occur as evidenced by a distinct time lag in the production of lesions. 
During this “ temporary cure ” sensitivity has fallen well below the tuberculoid 
phase, but the bacilli may take weeks or even months to reach a concentration 
sufficient to evoke the cutaneous response. 

4. In advanced cutaneous leprosy we often find bacilli in snips from patches 
of skin which look perfectly normal. Similarly, in severe disease, not alone 
is there no response to fresh showers of bacilli, but pre-existing lesions become 
flattened out. This completes the cycle ; having started at a point where there 
is no reaction to leprolin, we end up at a stage where there is no response to the 
living bacilli. 

Neither the humoral nor the phagocytic theory of immunity will solve the 
problem of leprosy. Besredka’s (1927) conception of local or tissue immunity 
is more helpful. Response in the nerves is said to be less intense than in the skin 
and response in the internal organs lags behind both. In these circumstances 
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nerve abscess could not occur in a cutaneous case and it certainly has not been 
described in races in which the cutaneous type of leprosy predominates. 

Acute reaction does not represent the peak of sensitivity at the level of 
either the cutaneous or tuberculoid response. Rather is it a recovery pheno- 
menon. It is the expression of an urgent attempt to establish the response 
on the level at which it existed prior to the advent of some debilitating factor. 

The tuberculoid lesion represents the peak of local response. Taking 
it over a large series of cases it seems to be efficient in limiting the spread of the 
infection. Although it is purposeful, it is, nevertheless, a stereotyped reflex 
and it will sacrifice an eye or a limb or a group of unimportant sweat glands 
with equal facility. We can in many cases depress or abolish the reaction by 
" heroic ” methods of treatment. No doubt there are cases, e.g., lesions about 
the eye, in which such a step might be justified. One sees considerable clinical 
and bacteriological improvement occur in cutaneous cases occasionally, and 
cures have been described. The trouble is that even if we are successful in 
establishing the change over from the tuberculoid to the cutaneous response, 
there is still the probability that the procedure mil be reversed if the bacilli 
decrease and then tuberculoid lesions \vill recur. Until we know more of the 
natural history of the tuberculoid lesion, until we are in a better position to predict 
the outcome in an individual case, it is unwise to use heroic measures to destroy 
such an excellent local defence against the invading bacilli. 

Tuberculoid leprosy does not receive due recognition in the present 
classification of leprosy. To agree with Wade in regarding it as a sub-type of 
neural leprosy is to miss much of its significance. There is not really a sound 
pathological basis for the recognition of neural leprosy itself as a separate type. 
The exudate in an affected nerve may be simple inflammatory, “ cutaneous,” 
tuberculoid, or completely absent. Tuberculoid leprosy, on the other hand, 
is a definite histological and pathological entity whether it occurs in nerve or 
skin, whether it is quiescent or reacting, and even though it appears to assume 
so many different forms to an observer like Tisseul (1936) — “ primitives, 
secondaires, intermediares ; en medaillon, en aires, rose-jaunatre, parakera- 
tosique, granitee, en plateau, rosee, rouge, brillante.” 


Summary. 


1. The unrecognized existence of the tuberculoid lesion has been a source 
of confusion for many years in the prognosis and treatment of the disease. 

2. The incidence seems to be high in those races which have been associated 
with leprosy for a long time. In children the incidence is relatively low. 

3. Tuberculoid leprosy is a stage in the natural evolution of immunity in the 
disease. It represents the peak of local response. 
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4. ' Acute reaction in tuberculoid leprosy is still a local phenomenon. This 
is in contrast with the position in cutaneous leprosy where there is a systemic 
component as well. 

5. Continued study of the evolution and course of the tuberculoid lesion 
will, it is felt certain, provide a key to the very difficult problem of immunity 
in leprosy and, for that matter, in many varieties of proliferative disease. 

6. A more scientific classification will correlate the clinical appearances 
with the types of exudate present in the underlying lesions. 
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Discussion. 

Dr. J. M. H. MacLeod : I have been much interested in Dr. Hughes’s 
paper and especially in his interesting description of the pathology of tuberculoid 
leprosy. 

(1) It seems to me that there is a close analogy between certain cutaneous 
lesions of tuberculosis and tuberculoid leprosy. Some years ago when I first 
saw sections of tuberculoid leprosy I could scarcely believe that they were 
leprosy as they so closly resembled sections of Boeck’s sarcoid. For many 
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years histologists have been wondering what was the precise relation between 
sarcoid and lupus vulgaris and it is still undecided. The relationship between 
tuberculoid leprosy and cutaneous leprosy is probably somewhat similar. 
In both sarcoid and tuberculoid leprosy there is a formative infiltration in the 
corium.with giant cells, epithelioid cells, and occasional plasma cells and only 
in rare instances have bacilli been found in either of them. 

The analogy of leprosy to tuberculosis has been further strengthened 
recently by the observation by Wade of grouped acuminate papular lesions in 
leprosy. A photograph of this condition which he kindly sent me showed a 
type of eruption similar to lichen scrofulosorum. The latter eruption is a 
tuberculide and due not to bacilli in situ in the skin but to toxins in some 
tuberculous focus elsewhere. It is probable that the lichenoid lepride has a 
similar etiology. 

(2) With regard to the treatment of leprosj' by extracts of, or other pre- 
parations from, bacilli the results as far as I am aware, have been unsatisfactory. 
I am reminded that years ago Deycke in Constantinople succeeded in growing 
a streptothrix from a piece of tissue teeming with bacilli excised from a case of 
cutaneous leprosy and incubated in normal saline solution. The’ streptothrix 
was regarded as a phase in the life history of the bacillus. An ethereal extract 
was made of the organism to which the name “ Nastin ” was given. This was 
put on the market and extensively used and reported on favourably in certain 
quarters. A trial of it in this country on a number of cases in private and at 
the Tropical Hospital at the Albert Dock gave negative results. 


Dr. A. C. Howard : I have worked among lepers in Nigeria during the 
last few years. impressions were, that chiefly in the south there is a tendency 
for the cutaneous or C3 type to predominate, while in the north the neural 
or tubercular type is most common. In his lecture. Dr. Muir mentioned that 
one of the commonest neural signs in India was the enlargement of the auricular 
ner\^e. I have never seen an enlarged nerve in leprosy, I have palpated them 
once or twice but never seen them ; and I wonder whether he would explain 
why in different parts of the world the predominating type of the disease varies 
as it does : India, for instance, being very different from Nigeria in this 
respect. 


Maj .-Gen . Sir John Megaw ; When I ivas house physician at the Medical College 
of Calcutta more than 30 years ago, I came across a large number of cases of 
leprosy of a very mild neural type, and having read so much about leprosy 
being a dreadful disease, I could hardly persuade myself that these were really 
cases of leprosy. The majority of the cases were of such a mild nature 
that I was firmly convinced that many of them never went on to the serious type. 


DISCUSSION. 


401 


I discussed the point with the late Sir Jonathan Hutchinson, and asked him 
whether there was any other disease in which there occurred anaesthetic patches 
associated with thickening of the nerve without any tendency to progress to an 
advanced stage, as is expected in leprosy ? His reply was that they could not 
be anything else but leprosy, and that he himself had been much struck by the 
number of mild cases which were seen in India as compared with other countries. 
On the whole there is a good deal of evidence to show that leprosy in India is 
frequently a mild disease which may be in many cases trivial. Dr. Mum 
emphasized quite rightly the importance of exercise in the treatment of leprosy. 
But I have seen patients in leprosy institutions being exercised in the heat of the 
day ; they were badly nourished and it struck me that in those cases the exercising 
process was distinctly overdone. I think the important thing, as Dr. Mum has 
emphasized, is to maintain the nutrition of the patient. There is a line of treat- 
ment which we hear of from time to time, and I am rather surprised that more 
people do not give it a trial. I refer to the specific treatment by the leprosy 
antigen. A glance at one of the sections demonstrated this evening will show 
that there is practically a pure culture of lepra bacilli in the skin. In Lucknow 
20 years ago, I had a patient with a very pronounced type of cutaneous leprosy. 
He had practically leontiasis, and a section from his ear lobes revealed enormous 
numbers of bacilli. I cut out some of the more conspicuous nodules, sliced 
them up in a freezing microtome, converted them into a very fine emulsion, 
killed them by heat, and added a little carbolic. I started injecting very small 
doses of this emulsion in very much the same way as tuberculin is used in the 
treatment of tuberculosis, and gradually increased the dose. There was no 
other special treatment but at. the end of 6 months the patient was to all intents 
and purposes cured. He came back 18 months later and nobody would have 
suspected he ever had leprosy. He made the very interesting proposition that, 
as I had found a cure for him we should become partners, that I should supply 
the material and he should tour the country and that we should go fifty-fifty 
in the profits from this new treatment. Unfortunately I had not much 
opportunity of pursuing that method of treatment. Of course, it had been done 
before, though I was not aware of this at the time, and it has been done on 
several occasions since. But I am rather surprised that it has not been given a 
more extensive trial, because it sounds perfectly reasonable. We are quite 
familiar with the remarkable results due to chaulmoogra oil, but it is quite 
possible that vaccine might be a useful auxiliary line of treatment, especiall)’’ 
as so many patients can supply enormous numbers of leprosy bacilli in a very 
rich culture from their skin lesions. 

Dr. A. Felix : May I carry further the interesting point raised by Sir 
John Megaw ? It may have escaped the attention of those present here that 
quite recently the transmission of human leprosy to an experimental animal 
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years histologists have been wondering what M'as the precise relation between 
sarcoid and lupus vulgaris and it is still undecided. The relationship between 
tuberculoid leprosy and cutaneous leprosy is probably somewhat similar. 
In both sarcoid and tuberculoid leprosy there is a formative infiltration in the 
corium with giant cells, epithelioid cells, and occasional plasma cells and only 
in rare instances have bacilli been found in either of them. 

The analogy of leprosy to tuberculosis has been further strengthened 
recently by the observation by Wade of grouped acuminate papular lesions in 
leprosy. A photograph of this condition which he kindly sent me showed a 
type of eruption similar to lichen scrofulosorum. The latter eruption is a 
tuberculide and due not to bacilli in situ in the skin but to toxins in some 
tuberculous focus elsewhere. It is probable that the lichenoid lepride has a 
similar etiology. 

(2) With regard to the treatment of leprosy by extracts of, or other pre- 
parations from, bacilli the results as far as I am aware, have been unsatisfactory. 
I am reminded that years ago Deycke in Constantinople succeeded in growing 
a streptothrix from a piece of tissue teeming with bacilli excised from a case of 
cutaneous leprosy and incubated in normal saline solution. The' streptothrix 
was regarded as a phase in the life history of the bacillus. An ethereal extract 
was made of the organism to which the name “ Nastin ” was given. This was 
put on the market and extensively used and reported on favourably in certain 
quarters. A trial of it in this country on a number of cases in private and at 
the Tropical Hospital at the Albert Dock gave negative results. 


Dr. A. C. Howard : I have worked among lepers in Nigeria during the 
last few years. My impressions were, that chiefly in the south there is a tendency 
for the cutaneous or C3 type to predominate, while in the north the neural 
or tubercular type is most common. In his lecture. Dr. Muir mentioned that 
one of the commonest neural signs in India was the enlargement of the auricular 
nerve. I have never seen an enlarged nerve in leprosy, I have palpated them 
once or twice but never seen them ; and I wonder whether he would explain 
why in different parts of the world the predominating type of the disease varies 
as it does : India, for instance, being very different from Nigeria in this 
respect 


Maj .-Gen . Sir John Megaw : When I was house physician at the Medical College 
of Calcutta more than 30 years ago, I came across a large number of cases of 
leprosy of a very mild neural type, and having read so much about leprosy 
being a dreadful disease, I could hardly persuade myself that these were really 
cases of leprosy. The majority of the cases were of such a mild nature 
that I was firmly convinced that man}' of them never went on to the serious type. 
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I discussed the point with the late Sir Jonath.an Hutchinson, and asked him 
whether there was any other disease in which there occurred anaesthetic patches 
associated with thickening of the nerve without any tendency to progress to an 
advanced stage, as is expected in leprosy ? His reply was that they could not 
be am-thing else but leprosy, and that Jie himself had been much struck by the 
number of mild cases which were seen in India as compared with other countries. 
On the whole there is a good deal of evidence to show that leprosy in India is 
frequently a mild disease which may be in many cases trivial. Dr. Mum 
emphasized quite rightly the importance of e.xercise in the treatment of leprosy. 
But I have seen patients in leprosy institutions being exercised in the heat of the 
day; they were badly nourished and it struck me that in those cases the exercising 
process was distinctly overdone. I think the important thing, as Dr. Mum has 
emphasized, is to maintain the nutrition of the patient. There is a line of treat- 
ment which we hear of from time to time, and I am rather surprised that more 
people do not give it a trial. I refer to the specific treatment by the leprosy 
antigen. A glance at one of the sections demonstrated this evening will show 
that there is practically a pure culture of lepra bacilli in the skin. In Lucknow 
20 years ago, I had a patient with a very pronounced type of cutaneous leprosy. 
He had practically leontiasis, and a section from his ear lobes revealed enormous 
numbers of bacilli. I cut out some of the more conspicuous nodules, sliced 
them up in a freezing microtome, converted them into a very fine emulsion, 
killed them by heat, and added a little carbolic. I started injecting very small 
doses of this emulsion in v&ry much the same way as tuberculin is used in the 
treatment of tuberculosis, and gradually increased the dose. There was no 
other special treatment but at -the end of 6 months the patient was to all intents 
and purposes cured. He came back IS months later and nobody would have 
suspected he ever had leprosy. He made the verj' interesting proposition that, 
as I had found a cure for him we should become partners, that I should supply 
the material and he should tour the countr}" and that we should go fifty-fifty 
in the profits from this new treatment. Unfortunately I had not much 
opportunity of pursuing that method of treatment. Of course, it had been done 
before, though I was not aware of this at the time, and it has been done on 
several occasions since. But I am rather surprised that it has not been given a 
more extensive trial, because it sounds perfectly reasonable. We are quite 
familiar with the remarkable results due to chaulmoogra oil, but it is quite 
possible that vaccine might be a useful auxiliary’^ line of treatment, especially 
as so many patients can supply enormous numbers of leprosy bacilli in a very 
rich culture from their skin lesions. 

Dr. A. Felix : May I carr}’- further the interesting point raised by Sir 
John Megaw ? It may have escaped the attention of those present here that 
quite recently the transmission of human leprosy to an experimental animal 
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years histologists have been wondering what was the precise relation between 
sarcoid and lupus vulgaris and it is still undecided. The relationship between 
tuberculoid leprosy and cutaneous leprosy is probably somewhat similar. 
In both sarcoid and tuberculoid leprosy there is a formative infiltration in the 
corium with giant cells, epithelioid cells, and occasional plasma cells and only 
in rare instances have bacilli been found in either of them. 

The analogy of leprosy to tuberculosis has been further strengthened 
recently by the observation by Wade of grouped acuminate papular lesions in 
leprosy. A photograph of this condition which he kindly sent me showed a 
type of eruption similar to lichen scrofulosorum. The latter eruption is a 
tuberculide and due not to bacilli in situ in the skin but to toxins in some 
tuberculous focus elsewhere. It is probable that the lichenoid lepride has a 
similar etiology. 

(2) With regard to the treatment of leprosy by extracts of, or other pre- 
parations from, bacilli the results as far as I am aware, have been unsatisfactory. 
I am reminded that years ago Deycke in Constantinople succeeded in growing 
a streptothrix from a piece of tissue teeming with bacilli excised from a case of 
cutaneous leprosy and incubated in normal saline solution. The’ streptothrix 
was regarded as a phase in the life history of the bacillus. An ethereal extract 
was made of the organism to which the name “ Nastin ” was given. This was 
put on the market and extensively used and reported on favourably in certain 
quarters. A trial of it in this country on a number of cases in private and at 
the Tropical Hospital at the Albert Dock gave negative results. 


Dr. A. C. Howard : I have worked among lepers in Nigeria during the 
last few years, hly impressions were, that chiefly in the south there is a tendency 
for the cutaneous or C3 type to predominate, while in the north the neural 
or tubercular type is most common. In his lecture. Dr. Muir mentioned that 
one of the commonest neural signs in India was the enlargement of the auricular 
nen^e. I have never seen an enlarged nerve in leprosy, I have palpated them 
once or twice but never seen them ; and I wonder whether he would explain 
why in different parts of the world the predominating type of the disease varies 
as it does : India, for instance, being very different from Nigeria in this 
respect. 


Maj .-Gen . Sir John Megaw ; When I was house physician at the Medical College 
of Calcutta more than 30 years ago, I came across a large number of cases of 
leprosy of a very mild neural type, and having read so much about leprosy 
being a dreadful disease, I could hardly persuade myself that these were really 
cases of leprosy. The majority of the cases were of such a mild nature 
that I was firmly convinced that many of them never went on to the serious type. 
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I discussed the point with the late Sir Jonathan Hutchinson, and asked liiin 
whether there was any other disease in whicli there occurred anaesthetic patches 
associated with thickening of the nerve without any tendency to progress to an 
advanced stage, as is expected in leprosy ? His reply was that they could not 
be anything else but leprosy, and that Jic himself had been much struck by the 
number of mild cases which were seen in India as compared with other countries. 
On the whole there is a good deal of evidence to show that leprosy in India is 
frequently a mild disease which may be in many cases trivial. Dr. Mum 
emphasized quite rightly the importance of c.xercisc in the treatment of leprosy. 
But I have seen patients in leprosy institutions being exercised in the heat of the 
day; they were badly nourished and it struck me that in those cases the exercising 
process was distinctly overdone. I think the important thing, as Dr. Mum has 
emphasized, is to maintain the nutrition of the patient. There is a line of treat- 
ment which we hear of from time to time, and I am rather surprised that more 
people do not give it a trial. I refer to the specific treatment by the leprosy 
antigen. A glance at one of the sections demonstrated this evening will show 
that there is practically a pure culture of lepra bacilli in the skin. In Lucknow 
20 years ago, I had a patient with a very pronounced type of cutaneous leprosy. 
He had practically leontiasis, and a section from his ear lobes revealed enormous 
numbers of bacilli. I cut out some of the more conspicuous nodules, sliced 
them up in a freezing microtome, converted them into a very fine emulsion, 
killed them by heat, and added a little carbolic. I started injecting very small 
doses of this emulsion in very much the same way as tuberculin is used in the 
treatment of tuberculosis, and gradually increased the dose. There was no 
other special treatment but at. the end of 6 months the patient was to all intents 
and purposes cured. He came back 18 months later and nobody would have 
suspected he ever had leprosy. He made the very interesting proposition that, 
as I had found a cure for him we should become partners, that I should supply 
the material and he should tour the country and that we should go fifty-fifty 
in the profits from this new treatment. Unfortunately I had not much 
opportunity of pursuing that method of treatment. Of course, it had been done 
before, though I was not aware of this at the time, and it has been done on 
several occasions since. But I am rather surprised that it has not been given a 
more extensive trial, because it sounds perfectly reasonable. We are quite 
familiar with the remarkable results due to chaulmoogra oil, but it is quite 
possible that vaccine might be a useful auxiliary line of treatment, especially 
as so many patients can supply enormous numbers of leprosy bacilli in a very 
rich culture from their skin lesions. 

Dr. A. Felix : May I carry further the interesting point raised by Sir 
John Megaw ? It may have escaped the attention of those present here that 
quite recently the transmission of human leprosy to an experimental animal 
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years histologists have been wondering what was the precise relation between 
sarcoid and lupus vulgaris and it is still undecided. The relationship between 
tuberculoid lepros}' and cutaneous leprosy is probably somewhat similar. 
In both sarcoid and tuberculoid leprosy there is a formative infiltration in the 
corium with giant cells, epithelioid cells, and occasional plasma cells and only 
in rare instances have bacilli been found in either of them. 

The analogy of leprosy to tuberculosis has been further strengthened 
recently by the observation by Wade of grouped acuminate papular lesions in 
leprosy. A photograph of this condition which he kindly sent me showed a 
type of eruption similar to lichen scrofulosorum. The latter eruption is a 
tuberculide and due not to bacilli in situ in the skin but to toxins in some 
tuberculous focus elsewhere. It is probable that the lichenoid lepride has a 
similar etiology. 

(2) With regard to the treatment of leprosy by extracts of, or other pre- 
parations from, bacilli the results as far as I am aware, have been unsatisfactory. 
I am reminded that years ago Devcke in Constantinople succeeded in growing 
a streptothrix from a piece of tissue teeming with bacilli excised from a case of 
cutaneous leprosy and incubated in normal saline solution. The’ streptothrix 
was regarded as a phase in the life history of the bacillus. An ethereal extract 
was made of the organism to which the name “ Nastin ” was given. This was 
put on the market and extensively used and reported on favourably in certain 
quarters. A trial of it in this country on a number of cases in private and at 
the Tropical Hospital at the Albert Dock gave negative results. 

Dr. A. C. Howard : I have worked among lepers in Nigeria during the 
last few years. My impressions were, that chiefly in the south there is a tendency 
for the cutaneous or C3 type to predominate, while in the north the neural 
or tubercular type is most common. In his lecture. Dr. Muir mentioned that 
one of the commonest neural signs in India was the enlargement of the auricular 
nerv^e. I have never seen an enlarged nerve in leprosy, I have palpated them 
once or twice but never seen them ; and I wonder whether he would explain 
why in different parts of the world the predominating type of the disease varies 
as it does : India, for instance, being very different from Nigeria in this 
respect. 


Maj .-Gen. Sir John Megaw : When I ivas house physician at the Medical College 
of Calcutta more than 30 years ago, I came across a large number of cases of 
leprosy of a very mild neural type, and having read so much about lepros}”' 
being a dreadful disease, I could hardly persuade myself that these were really 
cases of leprosy. The majority of the cases were of such a mild nature 
that I was firmly convinced that many of them never went on to the serious type. 
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I discussed the point with the late Sir Jonath.vn Hutchinson, and asked him 
whether there was any other disease in whicli there occurred anaesthetic patches 
associated with thickening of the nerve witliout any tendency to progress to an 
advanced stage, as is expected in leprosy ? His reply was that they could not 
be anything else but leprosy, and that, he himself had been much struck by the 
number of mild cases which were seen in India as compared with other countries. 
On the whole there is a good deal of evidence to show that leprosy in India is 
frequently a mild disease which may be in many cases trivial. Dr. Mum 
emphasized quite rightly the importance of exercise in the treatment of leprosy. 
But I have seen patients in leprosy institutions being exercised in the heat of the 
day; they were badl}’’ nourished and it struck me that in those cases the exercising 
process was distinctly overdone. I think the important thing, as Dr. Mum has 
emphasized, is to maintain the nutrition of the patient. There is a line of treat- 
ment which we hear of from time to time, and I am rather surprised that more 
people do not give it a trial. I refer to the specific treatment by the leprosy 
antigen. A glance at one of the sections demonstrated this evening will show 
that there is practically a pure culture of lepra bacilli in the skin. In Lucknow 
20 years ago, I had a patient with a ver}’’ pronounced type of cutaneous leprosy. 
He had practically leontiasis, and a section from his ear lobes revealed enormous 
numbers of bacilli. I cut out some of the more conspicuous nodules, sliced 
them up in a freezing microtome, converted them into a very fine emulsion, 
killed them by heat, and added a little carbolic. I started injecting ver}'- small 
doses of this emulsion in very much the same way as tuberculin is used in the 
treatment of tuberculosis, and gradually increased the dose. There was no 
other special treatment but at -the end of 6 months the patient was to all intents 
and purposes cured. He came back 18 months later and nobody would have 
suspected he ever had leprosy. He made the very interesting proposition that, 
as I had found a cure for him we should become partners, that I should supply 
the material and he should tour the country and that we should go fifty-fifty 
in the profits from this new treatment. Unfortunately I had not much 
opportunity of pursuing that method of treatment. Of course, it had been done 
before, though I was not aware of this at the time, and it has been done on 
several occasions since. But I am rather surprised that it has not been given a 
more extensive trial, because it sounds perfectly reasonable. We are quite 
familiar with the remarkable results due to chaulmoogra oil, but it is quite 
possible that vaccine might be a useful auxiliary line of treatment, especially 
as so many patients can supply enormous numbers of leprosy bacilli in a very 
rich culture from their skin lesions. 


Dr. A. Felix ; May I carry further the interesting point raised by Sir 
John Megaw ? It may have escaped the attention of those present here that 
quite recently the transmission of human leprosy to an experimental animal 
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has been described. The Syrian hamster has been suggested for this purpose 
by Dr. Balfour-Jones, of the National Institute for Medical Research, and 
Professor Adler, of the Hebrew University in Jerusalem reported in a pre- 
liminary note in The Lancet* 18th September, 1937, the results of a successful 
experiment carried out on a small number of Syrian hamsters. If these results 
are confirmed a basis will be provided for an adequate study of the problem 
of specific therapy of human leprosy. 

Dr. C. C. Chesterman : I would like to ask either one of the speakers what 
is the relative infectivity of the tuberculoid type and the cutaneous type, because 
it makes a great difference from the point of view of segregation. In the north- 
east of the Congo the majority are of the tuberculoid type, and it does not advance 
quickly. The annular patches remain for many years. The natives have two 
distinct names, one for the tuberculoid type and another for the cutaneous type. 
In that same area. Dr. Dubois has found that 33 per cent, of the people have 
acid-fast bacilli in the glands, although not more than 10 per cent, show symptoms 
of leprosy, I would like to support what Dr. Howard of Nigeria says. He 
mentioned the rarity of anything like thickened nerves. I have rarely seen that 
myself, and one rarely finds any dullness in the perception of the skin inside the 
annular eruption. 

Dr. C. J. Austin (Fiji) : Dr. Muir mentioned the massacre of lepers in 
China, and said that possibly this had occurred in the past in Nigeria. It was 
not long ago that I was informed by one of the old paramount chiefs in Fiji that 
in an island known as De-ni-Kia in his province, a former chief used to segregate 
all his advanced lepers in order that he should never be without a “ bokola ” 
or a body prepared for the oven, Mth which to welcome his friends or important 
guests ! Evidently the same policy was to some extent carried out in Fiji. 
I think possibly Dr. Muir was rather hard on the efforts of some of our Govern- 
ments in those districts where compulsory segregation is carried out. I admit 
that in India and parts of Africa, this compulsory segregation is impossible. 
He mentions it as an ideal but seems to regard it as nothing more. In Fiji 
compulsion has been in force since 1911, and while we cannot say that our 
number of admissions is going down to any great extent, we are getting a far 
better type of case coming along than we had in the past. The idea of com- 
pulsion does quite probably cause hiding of early cases, but we are trying to get 
over that by the education of Fijian and other native students. Our station 
in Fiji is known as the Central Leper Hospital, and is to a certain extent 
“ central ” because we take cases from other island groups. Cook Islands, 
Samoa, Tonga and the Gilbert Islands, and we are getting in young men from 

*Adler, S. (1937). Inoculation of human leprosy into Syrian hamster. Lancet 2, T\4. 
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each of those groups to the Central Medical School in Suva. I do not know 
if any of you w^ere on the British Medical Association tour last year, and passed 
through Suva, but if so you satv something of this school. Quite a number 
of people have been there, and have been surprised at the way our students are 
getting a grip of medical subjects. They have a four-years’ course, and, as long 
as they are under a certain amount of supervision, do valuable \vork. They 
can educate the people in a Avay that we cannot do and they get to know more 
easily than we can if there are lepers in the village. I think we are in that way 
getting to the root of the problem. 

With regard to Dr. Hughes’s paper and this question of tuberculoid leprosy, 
I w'onder whether we are strictly correct in speaking of tuberculoid leprosy ; 
w'hether it is a type, or whether it is not rather a question of a tuberculoid lesion 
occurring in either a neural or cutaneous type ? He raised a further point 
in my mind. He states that owing to the less response or reaction of the nervous 
tissues one does not get nerve abscess in a cutaneous case ; but I have myself 
operated on tw'o cases in Avhich I had to avoid nodules in the skin incision, so 
I w'ould say it is definitely possible to get nerv'e abscess in a cutaneous case. 
One or two pictures that he show's of tuberculoid lesions of the face seem to me 
to give definite signs of cutaneous leprosy of the ear, and I think it is generally 
admitted that tuberculoid lesions can occur concurrently W'ith cutaneous lesions. 
Questions of classification arise and wdll have to be thrashed out again at the 
International Congress of Leprosy, in Cairo next year, but to try to make a new 
type of the tuberculoid form does not seem to me to help us to understand it. 
Whether it can be regarded as related to nerve leprosy, as has been the tendency, 
is another matter. The whole point is that leprosy is a more or less regular 
gradation or a series of changes, no one of which can be accurately delimited 
from another. It may go forward to a certain stage and then retrogress. I am 
not quite sure w'hether I got Dr. Hughes’s meaning when he spoke of the 
results of treatment. He appeared to suggest that in the past we have been 
trying to overcome tissue response whereas what we should have done was to 
encourage the bacillus to carry on in its own way. There is no obvious disease 
unless the tissue responds, but there may be no tissue response for either of two 
reasons (1) because the body is not capable of tissue response or (2) because 
the organism has been overcome and, there are, therefore, no signs of leprosy. 
Perhaps Dr. Hughes would go into that aspect again. 

Dr. Gushue-Taylor (Formosa, Japan) : On the point raised by one of 
the speakers in regard to enlargement of the nerve : among Chinese lepers 
this is quite a common feature. You need only to turn the head, putting the 
sterno-mastoid on the stretch and you can frequently feel the great auricular 
nerve : not only can you feel it but you can actually see it standing out. The 
point is that the manifestations of leprosy probably vary in different countries. 
Take for instance the question of lesions of the scalp. I remember some years 
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ago Dr. Wade remarking to me that leprosy did not affect the scalp. But a short 
time after that I went to Japan and there Dr. Mitsuda showed me scores of his 
patients with marked cutaneous lesions of the scalp. One speaker spoke of the 
danger of over-exercising your patients, but I would say from my experience 
that the patients will not allow anyone to over-exercise them. 

Lt.-Colonel C. H. Barber : Has Dr. Hughes come across cases where inter- 
current tuberculosis has caused recession in leprosy, and can he say whether some 
of those cases have been not only recessed but apparently permanently cured ? 
It seems to me possible that there is an antagonism between tuberculosis 
and leprosy, similar to that between smallpox and malaria, malaria and general 
paralysis and some other diseases. 

Dr. Hughes (in reply) : The similarity between tuberculoid leprosy and 
sarcoid has been recognized. I recently saw a case of sarcoid in Singapore and 
structurally it seemed indistinguishable from tuberculoid leprosy. I under- 
stand that modern dermatologists have found adenopathy and X-ray signs of 
pulmonary lesions in many cases of Boeck’s sarcoid and that this condition 
is being more and more regarded as a tuberculide. I should like very much 
to see some of Dr. McLeod’s sections some time and discuss these sarcoid and 
lichenoid lesions with him. 

Regarding treatment there is much confusion as to the effect of various 
remedies. The important thing to remember is that in tuberculoid leprosy one 
sees an enormous number of cells per unit bacillary content, whereas in the 
cutaneous type the numerical relation between cells and bacilli is reversed. 
It is quite obvious that without cellular exudate there is no disease, leprosy, as 
we know it. Leprosy is the nodular skin plus trophic lesions. These nodular 
lesions consist of the underlying cellular exudate and if these cells disappear there 
is no clinical disease. As to treatment — as I see it, any wasting disease will 
cause recession of these leprotic lesions and the difficulty is to distinguish 
between recession of lesions and cure. This may sound purely theoretical, 
but Dr. Muir has actually shown a picture in which it was difficult to decide 
whether the patient was a leper or not although the skin contained large numbers 
of bacilli. I have seen cases of cirrhosis of the liver in which you could not 
say whether the patient was a leper or not and yet, if you took a “ snip ” you would 
find the skin teeming with bacilli — this, too, from parts of the skin which looked 
perfectly normal. What would happen eventually if the bacilli continued to 
propagate I do not know. I have seen some cases where I got the impression 
that there was as much bacillary substance as there was tissue. 

The effect of drugs in heroic doses seems to be identical with that of wasting 
disease. Lesions recede — the cellular exudate is absorbed — clinical cure is 
established and, unfortunately, too often recorded. In my own short experience 
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— twelve months all told — the impression I got was that less than 1 per cent, 
of cases subjected to drastic treatments were cured eventually. Clinical 
“ cures” might amount to 50 or 60 per cent., but the permanent results were bad. 
Hence it is only with the greatest caution one should recommend a new treatment 
of leprosy. What we want really is more information about the progress of the 
disease and the effect of such factors as race, climate and nutrition on that 
progress. We want to know the natural history and ev’-olution of every form of 
the disease before we can assess the influence of any particular form of treatment. 
In vietv of the fact that recession of lesions can be produced equally well by either 
drugs or debility, any new form of treatment must be subjected to the most 
searching criticism if we are to avoid causing harm to lepers by our misguided 
enthusiasm. 

With regard to nerve abscess, it was interesting to hear Dr. Austin say 
he met the condition in cutaneous leprosy. If Dr. Mum’s contention that reaction 
in nervous tissue is always less than that in the skin it seems impossible that 
nerve abscess should occur in cutaneous cases. The condition is rare outside 
India, and I have no recollection of meeting a typical case in Malaya. One would 
like to hear full details of Dr. Austin’s cases as it seems almost impossible 
to visualise a pure tuberculoid response in the nerves and a frank cutaneous 
response in the skin, simultaneously. I am sorry that our time is limited and that 
it is not possible to carry the discussion on nerve abscess any further to-night. 


Dr. Ernest Muir (in reply) : There are one or two points to which I should 
like to refer. There is the question of finding nerv'e abscess in cutaneous 
leprosy ; I have seen it in three or four cases. When it occurs I think the 
patient has probably been originally of the neural type, and has then developed 
caseous lesions inside his nerves. Later his health deteriorates and the disease 
advances to the cutaneous type. At some subsequent period during lepra 
reaction the caseous material liquefies, and a nerve abscess forms. 

As regards the finding of nerve leprosy more commonly in some places than 
in others. Dr. Howard suggested there was less nerve leprosy in Southern 
Nigeria. That was the impression which I also gained during my short visit 
there last year. But as a matter of fact two thorough surveys have been made 
in limited areas in the Onitsha and Owerri Provinces during the last few months. 
In one of these surveys, out of 27,900 examined 2-4 per cent, were found to have 
leprosy, though the probable actual percentage is 3T per cent. But out of these, 
97 per cent, were scheduled as neural. Much depends on the standard of 
classification ; and still more depends on whether the total population is 
examined, or only those who attend for treatment or present themselves for 
admission to a leper settlement. Nerve leprosy is exceedingly common in 
India, and why it is not so common in Malaya I cannot say ; all I can suggest 
is that they are not looked for by a thorough survey. I may point to the picture 
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I have shown tonight of a patient who had a caseous auricular nerve, with an 
abscess forming. As a matter of fact that patient was sent to me from Singapore. 
Many doctors say they have never found leprosy attack the cutaneous nerves, 
but when I have pointed it out to them in cases where they had previously failed 
to find it, they have realized that it is very much more common than they 
imagined. I may say it was only after some years experience that I found the 
nerves thickened to anything like the extent I did latterly. 

The other question was the relative infectivity of tuberculoid and skin 
leprosy. I think that there is no doubt that the tuberculoid, if it is infectious 
at all, is very much less so than the skin type. I think everybody agrees on that 
point. There is always the danger that the tuberculoid or neural case may pass 
on into the infectious cutaneous type of leprosy. 
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On 22nd December, 1936, while searching for an animal naturally infected 
with sheathed microfilariae, we shot a ground dove, Columhigallina passerina 
nigrirostris (Fig. 1). Sheathed microfilariae were abundant in the heart blood 
but scanty in the peripheral blood from the wing. In fresh blood mixed with 
heparin it was subsequently found that the microfilariae exhibited progressive 

*From the Department of Medicine, Presbyterian Hospital, Columbia University, 
New York, and the Department of Health, St. Croix. We are grateful to Dr. James 
Knott, Civil Medical Officer, St. Croix, for facilities arranged for doing this work and 
for making available the help of the co-author. 


Owing to the death of Professor O’Connor, Col. Clayton Lane kindly undertook the 
responsibility of seeing this and the following paper through the press. — ^E d. 
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as well as wriggling movements. Stained specimens were, at our request, 
demonstrated before the Royal Society of Tropical Medicine by Col. Clayton 
Lane (O’Connor, 1936). In several doves examined adult parasites were found 
in large blood vessels beneath the liver and between the abdominal organs 
and elsewhere. An infected bird was sent to Dr. Donald L. Augustine (1937) 
who named the parasite Vagrijilaria columbigalhnae. Because of the similarity 
of both adult worms and microfilariae (Fig. 2) to the corresponding stages of 
Wiichereria baticrofti in man and because of the interesting pathology associated 
with the bird parasites, 'we decided to make further studies of the latter in 
the hope that some light might be throwm on the kindred human infection. 

Up to date, the heart blood of sixty-five ground doves has been examined 
in St. Croix and in sixty-three or 96-9 per cent., the same sheathed microfilariae 
have been found. On the other hand, in four ground doves of the same species 
kindly collected and sent to us by Dr. J. P. O’Mahoney from Antigua, serial 
section failed to reveal any evidence of infection. A similar microfilaria 
was once found in each of the following birds : the white headed pigeon, 
Cohmiba leticopala, the red headed pigeon, C. squamosa and the mountain dove, 
Zenaida zenaida^ but studies of more birds of these species indicate that they are 
not commonly infected. 

Method of Study . — Having ascertained that the majority of adult parasites were located 
in the abdomen or chest, the internal organs from the throat to the anus were removed 
in one piece. This was of suitable size for embedding in one paraffin block and the 
resulting serial sections were found to fit conveniently on an ordinary microscope slide 
under a No. 1 coverslip 22 x 50 mm. Such sections revealed in their normal anatomical 
relationship the lungs, heart, gizzard, liver, spleen, pancreas, intestines, kidneys and sex 
organs. 


Forty-nine doves were studied by serial section. In one no evidence 
of infection was found and no pathological changes were observed. In another 
while microfilariae were found in the organs and blood vessels, the adults were 
not discovered, indicating that the latter were in tissues outside the thorax and 
abdomen. In the remaining forty-seven doves recentlj'^-living adult worms 
were found in the following locations — in blood vessels in the neighbourhood 
of the liver forty-four times (Fig. 3), lungs nine times, pancreas six, and heart 
six ; and between the coils of the intestines four times. Dead and degenerating 
adult worms were found in sixteen birds ; eleven in the liver and five in the 
lungs. Degeneration was always by caseation and fragmentation, the dead 
worms being surrounded and invaded by foreign-body giant cells and small 
round cells with eosinophils. Calcification of dead worms was not observed. 

In sections of the brains and eyes of four doves a few healthy micro- 
filariae were found, but as they were not associated with any observable pathology 
these organs were not subsequently studied. In the very small spleen micro- 
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, — Colintibigallina passeriiia nigrirostris (natural size). 
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Fig. 2. — Microfilaria bancrofti and cohimbigallinae from fresh blood, compared. 

Both same magnification. 

(a) Mf. bancrofti. (6) Mf. columbigallinae. 






Fig. 4 



Fig. 4. — IMicrofilariae between muscle fibres of heart of ground dove. X 9/0. 
Figs. 5a and 56. — Degenerating microfilariae in giant cells of liver of dove. X 970 
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filariae were not conspicuous and no sign of degeneration was Seen. In the 
skin, gizzard, sex organs and pancreas microfilariae were not present in large 
numbers. In the kidneys embrj’os were easily found between the tubules 
and sometimes in masses in the large vessels. On only a few occasions were 
they found in the diminutive glomeruli. In the intestines several microfilariae, 
sometimes in groups, were found in the submucosa especially at the bottom 
or in the middle of the villi, A few parasites were occasionally found to be 
degenerating in these situations but never with the regularity to be described 
elsewhere. In the Itings microfilariae were usually present in large numbers 
at any time of day or night even when adult worms were present only in the 
liver. Sometimes in a section masses of embryos were present in large and 
small lung vessels while close by in similar vessels they were scanty. They 
were also ver}' numerous in the blood of the heart chambers. In all these 
situations the majority of the parasites were in mid-stream’*' and showed no 
tendency to adhere to the sides of the vessels or chambers. In the heart wall 
microfilariae were often veiy’^ numerous and were frequently seen straightened 
out between the muscle fibres (Fig. 4). The embr}'os in lungs and heart 
exhibited clear morphology and appeared to be perfectly healthy, nor was any 
cellular response occasioned by their presence. 

The most striking changes were found in the liver which was generally 
enlarged in proportion to the number of adult worms in the body and of 
microfilariae in the general circulation. In the livers of thirty-four doves, 
on holding to the light sections stained with haematoxylin and eosin, local areas of 
smaller or larger size could be seen which were much bluer than the rest of the 
hepatic tissue. These areas were frequently at or near liver margins and were 
sharply differentiated from the adjacent healthy tissue. Sometimes only one 
such area was found but at other times several islets of such tissue were 
obsen^ed. The position of these areas did not seem to bear any relationship 
to the site of adult parasites in the liver and were found in doves in which 
parent worms were present only in the lungs. On microscopical examination, 
the “ blue ” areas were found to be heavily infiltrated with lymphocytes amidst 
which were a large number of multinucleate giant cells. Varying numbers of 
eosinophil leucocytes were scattered or grouped in the vicinity. While micro- 
filariae, generally dead and degenerating, were scattered throughout the liver 
they were much more numerous in the “ blue ” areas and especially in the 
giant cells (Figs. 5a and b). In one section, 7/i thick -J- inch square, 336 giant cells 
were counted and, in 139 of these, degenerated microfilariae were found. 
Examination of serial sections showed microfilariae in many of the other giant 

*It should be noted that the majority of the birds were killed instantly by shooting 
or by chloroform and that ■within a minute the internal organs after remo'val were placed 
in 10 per cent, formalin for fixation. 
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cells. Owing to the curled position of the dead embryos, the giant cells 
frequently appeared like a spiral nebula. In the livers of eleven doves giant cell 
formation was not present but islands of dense round-celled iiifiltration with 
eosinophils were conspicuous. In many of these islands degenerating micro- 
filariae were seen. In two livers there was no such marked cellular reaction 
and it is worth noting that in both of these cases very few microfilariae 
were present in the general circulation ; nevertheless, dead and degenerating 
microfilariae were found between some of the liver cells. In all cases where 
present, the dead microfilariae showed every stage of degeneration varying 
from cloudy specimens, with otherwise clear morphology, to forms in which a 
chain of fragmented nuclei alone revealed their presence. The whole picture 
seen again and again in the different livers suggested massive death, degenera- 
tion and absorption of parasites going on continuously in the organ. 

The method of transmission of the dove filaria was not determined. 
Immediately after shooting birds, a number of Olfersia americana living on the 
doves were captured and dissected but no microfilariae or lar\^ae were found 
in these insects. Believing that possibly the birds might be infected while 
still in the nest, six squabs, about 10 days old, were serially sectioned but no 
parasites were found. The only suggestive finding was perivascular infiltration 
of some of the portal vessels with eosinophil leucocytes. 

Periodicity . — Evidence of periodicity of the microfilariae was not observed 
although two methods were adopted to ascertain if the microfilaria of Vagrifilaria 
columhigallinae exhibited any. 

From the wing veins of two doves 10 c.mm. of blood was drawn into a 
syringe containing heparin every 2 hours for 24 hours and the microfilariae 
counted. It appeared at first that there was some decrease in numbers of the 
embryos between 10 a.m. and 4 p.m., but control specimens from an adjacent 
wing vein frequently showed the large numbers of parasites that had been 
found at night. 

A batch of twelve doves were captured and, after finding that all had 
microfilariae in the blood of the wing vein, one was killed with chloroform 
every 2 hours for 24 hours. Immediately after death the internal organs were 
placed in 10 per cent, formalin and were subsequently examined by serial 
section. No evidence of periodicity resulted from the study of the sections. 
Most of the parent female worms contained embryos and ova in varying numbers 
and in the vagina microfilariae were stretched in bundles. On the other hand, 
there was no evidence of continuous parturition and frequently embryos were 
noticeably scanty near the parent worms although abundant in lungs and 
heart. No microfilariae were found issuing from the vagina in sections showing 
that area of the worm. No collapsed worms suggestive of recent parturition 



F. W. O’CONNOU AND H, A. IJEATIY. 


411 ., 


were seen. Two female worms were considered immature because tliey were 
smaller than usual and because there was no evidence of either ova or micro- 
filariae in the uteri. No collapsed parent females, like those seen in some, 
human cases were discovered. It may be noted that in the same section of 
the uterus nearly fully developed microfilariae and partially developed ova 
were seen together. 

The findings in one dove seem worth mentioning. Killed and examined 
at 10 p.m., very few microfilariae were found in any of the blood vessels or organs 
although a few degenerating ones were found in giant cells of the much enlarged 
liver. No living adult worm was found but a recently dead female containing 
ova and some mierofilariae was present in the lung. The parasite was surrounded 
by a zone of giant cells and lymphocytes with eosinophils. The findings suggest 
that with the death of the parent worm not only the latter but also the liberated 
microfilariae degenerate rapidly. An extensive pathology of the liver was 
judged by Dr. Alvin Pappenheimer to be due to adeno-carcinoma involving 
especially the biliary ducts. The few microfilariae found outside the liver, 
e.g., lungs, heart, etc., were undergoing degeneration. With this exception 
degenerating microfilariae were only marked in the livers and occasionally in the 
intestine. 

During examinations of the sections, the following intestinal parasites 
were noticed, all in the small intestine ; a tapeworm with hooks on the rostellum 
twice, an oviparous nematode worm four times, and coccidia twice. 


Summary. 


1. Of the ground doves examined in St. Croix Microfilaria cohimbigallinae 
was found in the blood of 96-9 per cent. 

2. The adult worms were most commonly found in the liver, less often 
in the lungs, heart, pancreas and tissues of the intestines. 

3. The microfilariae were most numerous in the lung vessels and heart 
chambers and heart muscle ; in these situations they appeared to be healthy. 

4. Massive destruction of microfilariae was constantly observed in the 
liver associated with varying degrees of cellular response. 
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The present work was undertaken in the hope that better acquaintance with 
the fate of Wuchereria bancrofti in some of its arthropod hosts might reveal 
information indicating methods for the prevention of Bancroft’s filariasis. 

Scope of the Present Studies. page 

1. General information about St. Croix ... ... ... ... ... 413 

2. History and incidence of Bancroft’s filariasis ... ... ... ... 414 

3. Examination of the blood of wild and domestic animals ... ... 415 

4. Determination of the duration of lar\'al development in Ctilcx fotigaus 416 

5. Dissection and examination of 5,000 wild female C.fatigam ... ... 417 

6. Examination of other wild mosquitoes ... ... ... ... ... 420 

7. The fate of microfilariae and lan'ae in and after leaving C. ... 422 

8. Distribution of fully developed lar\'ae in ... ... ... 425 

9. Variations in the incidence of infection in wild ... ... 426 

10. Studies and methods advocated with a view to reducing the incidence 

and severity of Bancroft’s filariasis in a town such as Christiansted 
in St. Croix ... ... ... ... ... ... ... ... 429 


1. — General Information about St. Croix. 

The island of St. Croix (Fig. 1) lies between 17th and 19th parallels north 
latitude and 64° 10' and 65° 30' west longitude. It comprises 84 square miles. 
The length is 21 miles, while the breadth, which varies considerably, is at most 
6 miles. There are two large towns, 15 miles apart, ChHstiansted, the capital, 
on the north and Fredericksted, the principal port, on the west coast. The 
surface is of sandy loam grading off into gravel and the land is very porous, in 
consequence there is little surface water as compared with the neighbouring 

* From the Department of Medicine, Presbyterian Hospital, Columbia University, 
New York City and the Department of Health, St. Croix, Virgin Islands, U.S.A. 

The laboratory facilities for these studies were made available by Dr. James Knott, 
Civil Aledical Officer, St. Croix, who also lent the services of the joint author. We 
acknowledge our cordial thanks for the assistance. 
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Professor O’Connor died 4 days after the date of the postmark on the 
envelope enclosing the paper. In his accompanying letter, he emphasized, 
with italics, that this paper was a Prelude to a larger one which he was beginning 
at once on “ massive destruction of microfilariae in man : 1, in the lymphatics 
before reaching the blood stream (four cases), and 2, in the liver and spleen after 
reaching the blood stream (probably six cases).” 


Clayton Lane. 
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WVCHERERIA BANCROFTI IN MOSQUITOES 
OF ST. CROIX. 

by 

F. W. O’CONNOR, M.R.C.S . 

AND 

II. A. BE.ATTY.* 


The present work was undertaken in the hope that better acquaintance with 
the fate of Wuchereria bancrofti in some of its arthropod hosts might reveal 
information indicating methods for the prevention of Bancroft’s filariasis. 

Scope of the Present Studies. page 

1. General information about St. Croix ... ... ... ... ... 413 

2. History and incidence of Bancroft’s filariasis ... ... ... ... 414 

3. Examination of the blood of wild and domestic animals ... ... 415 

4. Determination of the duration of larval development in 416 

5. Dissection and examination of 5,000 wild female C.fatigaus ... ... 417 

6. Examination of other wld mosquitoes ... ... ... ... ... 420 

7. The fate of microfilariae and larv'ae in and after leaving C.fatigaus ... 422 

8. Distribution of fully developed larvae in C.fatigaus ... ... ... 425 

9. Variations in the incidence of infection in wild C. fatigaus ... ... 426 

10. Studies and methods advocated with a view to reducing the incidence 

and severity of Bancroft’s filariasis in a town such as Christiansted 
in St. Croix ... ... ... ... ... ... ... ... 429 


1. — General Information about St. Croix. 

The island of St. Croix (Fig. 1) lies between 17th and 19th parallels north 
latitude and 64° 10' and 65° 30' west longitude. It comprises 84 square miles. 
The length is 21 miles, while the breadth, which varies considerably, is at most 
6 miles. There are two large towns, 15 miles apart, ChHstiansted, the capital, 
on the north and Fredericksted, the principal port, on the west coast. The 
surface is of sandy loam grading off into gravel and the land is very porous, in 
consequence there is little surface water as compared with the neighbouring 

* From the Department of Medicine, Presbyterian Hospital, Columbia University, 
New York City and the Department of Health, St. Croix, Virgin Islands, U.S.A. 

The laboratory facilities for these studies were made available by Dr. James Knott, 
Civil Medical Officer, St. Croix, who also lent the ser^dces of the joint author. We 
acknowledge our cordial thanks for the assistance. 



414 


ir. BANCROFTI IN MOSQUITOES. 


island of Puerto Rico, The average rainfall is 46 inches ; the dryest months 
are between January and March after which the rainfall rises until it is highest 
in October ; from July to October hurricanes are liable to occur. For the 
year 1st July, 1935, to 30th June, 1936, the general average maximum temperature 
was 89° F., the minimum 66° F. ; the maximum temperatures were 90° F. in 
July, 92° F. in August, 91° F. in June, 64° F. in November, 61° F. in December, 
62° F. in February and 60° F. in March. 


Buck ^s^.A^o 



According to the latest census (1930) the population of the island' was 
11,413; 414 of them are white, 9,592 negro, 1,386 mixed colour, and 21 Asiatic. 
In the Christiansted area, with which we are most concerned, the population 
for the same year was : white 164, negro 3,126, mixed 475 and Asiatic 2. 

2. — History and Incidence of Bancroft’s Filariasis. 

Although discovered in 1493, little eifort was made to colonize St. Croix 
before 1625 and in 1645 there were only 600 inhabitants. In 1650 the island 
was depopulated by the Spaniards from Puerto Rico. Attempts by the French 
under the monarchy and subsequently by the Knights of Malta to develop the 
island failed and it was again deserted in 1720, The Danes obtained possession 
in 1733 and began importing slaves the following year. Tropical diseases 
including filariasis could only have become permanent factors in invaliding as 
late as 1734. The Danes doubtless collected important data during their 
occupation but these were not available for the present studies. The earliest 
record we can find of filariasis is in the death returns of the Moravian mission- 
aries* which have been kept since 1844. In that year “rose” (lymphangitis) is 

* Information placed at our disposal by the Rev. Dr. John Goerner, Minister of the 
iMoravian Church in St. Croix. 
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mentioned and thereafter this condition and elephantiasis appear frequently. 
Neumann (18S1) estimated that about 6 per cent, of the population had 
elephantiasis. Following the acquisition of the Virgin Islands by the United 
States in 1917, with organization of the Health Department under the U.S. 
Naval Medical Sendee, a series of important papers concerning filariasis appeared. 
Butler and Hakansson (1917) estimated filarial infection in St. Croi.x as being 
25 per cent, in a population of 14,901. Stenhouse (1924) found microfilariae 
in 10 per cent, of bloods examined. Hughens (1927) observed microfilariae in 
12-5 per cent, of patients in the Christiansted hospital and in 23-8 per cent, of 
patients in the Fredericksted Hospital. Clinical filariasis as indicated by 
elephantiasis and hydrocele, common in both towns, was more so in the latter. 
Under the Civil Administration Knott (1936) has made extensive studies on 
filariasis. In an examination of 2,000 school children, using 1 c.c. of blood in 
each case, 16 per cent, had microfilariae. At the Old People’s Farm, King’s Hill, 
in the centre of the island, using the same quantity of blood from 124 persons 
he found microfilariae in 46 per cent. At the Civilian Conservation Corps 
camp, where there were boys from 16 to 25 years of age from all over the island, 
using 1 c.c. of blood he found microfilariae in 43 per cent. At night, using 
20 c.mm. of blood, he found 39 per cent, with microfilariae and studying 10 c.c. 
of blood he found 53 per cent, with embryos. As to clinical manifestations of 
filariasis, from personal observ'ation it is clear that all the obstructive and inflam- 
matory phenomena previously seen in Puerto Rico and Antigua are present. 
There is abundant evidence therefore that filariasis is very prevalent in St. Croix 
and is probably more so in Fredericksted than in Christiansted. There seems 
to be a focus of high prevalence at King’s Hill (see Table I). There is consider- 
able variation in the incidence of microfilariae noted by different observers and by 
different methods of study by the same observer (Knott). The 10 c.c. studies 
by Knott should, we believe, be considered as the most reliable ; if, therefore, 
considering his work we roughly estimate the microfilarial incidence of 
Christiansted as being between 40 and 50 per cent, of the inhabitants, it will be 
interesting to analyze the degree of infection in mosquito hosts of the same 
locality. 

3. — Examination of the Blood of Wild and Domestic Animals. 

Since filaria larvae found in wild Culex fatigans might conceivably come 
from wild or domestic animals other than man, it was considered advisable to 
examine the blood of as many, particularly of the former, as possible. 

Thus, throughout the studies at various times the blood of large numbers of the following 
were examined ; cats, rats and mice (living trapped specimens), goats, bats (captured alive 
in their day shelters), fowl, ducks, turkeys and domestic pigeons, the wild mongoose and 
several species of small lizards. In none of these were microfilariae found. 

Christiansted, like all towns in St. Croix, harbours large numbers of mongrel dogs. 
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An examination of 1 c.c. of blood of thirty-three dogs by Dr. James Knott showed that 
33 per cent, contained the microfilaria of Dirofilaria immitis. It was therefore decided to 
observ’e the behaviour of this parasite in t%vo of its reputed insect vectors, namely, C.fatigans 
and Aedes aegypti. That the parasite does not develop readily under experimental condi- 
tions in either insect in St. Croix was indicated by our efforts to infect them. Using 
C. fatigans fed on a dog with many lar\'ae in the blood, many parasites, all dead, were 
found next day in old stomach blood, but none had emigrated to the abdomen or thora.x. 
On the other hand amongst the wild C. fatigans examined, on nvo occasions half-grown 
laiA-ae active and greenish in colour with developed intestinal canal were found near the 
Malphigian tubes or in the abdomen (Table IV). With experimental A. aegypti 
attempts to get full development failed on many occasions till May, when in 
nvo insects fully developed larvae, much shorter than those of W. bancrofti, were found 
in the proboscis on the 15th day. In wild A. aegypti young larvae similar to those found 
in experimental insects were only once found in the abdomen. Considering the large 
number of dogs in Christiansted and the high percentage of those which have embryos of 
Dirofilaria immitis in the blood, it would appear that although C. fatigans and A. aegypti 
may become infected under natural conditions, neither of these insects is the main factor in 
transmitting the canine infection in St. Croix. 

There are many horses, mules and asses in St. Croix but most of these are stabled 
in the country and they were not examined for the embryos of Setaria equina. 

In wooded and bush country and generally at some distance from human habitations 
are numerous ground doves, ColumbigalUna passerina nigrirostis. These were found to be 
heavily infected with a sheathed microfilaria (O’Connor, 1936), belonging to a filarial 
worm, Vagrifilaria columbigallinae Augustine, 1937. A similar microfilaria was rarely 
found by the writer in the white-headed pigeon, Columba leucocephala, the redheaded 
pigeon, C. squamosa, and the mountain dove, Zenaida zenaida. Efforts to infect C.fatigan s 
with this microfilaria were not successful, and as the four bird hosts mentioned do not nest 
or roost close to human habitations it is improbable that they would infect domestic mos- 
quitoes within the area of the present studies. 

On the whole then, we feel reasonably sure' that in our studies with wiliJ 
mosquitoes we have, with the exceptions already mentioned, been dealing with 
the microfilaria and larvae of W. bancrofti. 


4. — Determination of the Duration of Larval Development 

IN Ctilex fatigans. 

This was decided by means of 48-hour old imagines fed at night on 
volunteers in whose blood microfilariae were present. The insects collected 
next morning after a single blood feed were subsequently kept in mosquito- 
proofed lantern globes and fed on weak sugar syrup. Each day a few insects 
were dissected until larvae were found fully developed in the proboscis. The 
minimum period for this development was found to be : November, 1935, 
13 days; December, 1935, to January, 1936, 17 days; and July, 1936, 9 days. 

On most occasions with fully developed parasites in proboscis, head, etc., 
a few parasites which had not completely reached that stage were found in 
the thorax. The maximum period for larval development was on each occasion 
1 to 3 da 3 's longer than the minimum figure quoted. The largest number of 
fully developed larvae found in an apparently healthy insect was thirty-two, 
distributed as follows : proboscis two, head ten, thorax fourteen and abdomen 
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six. In addition two parasites, about two-thirds developed, were present in the 
thorax. These studies made it possible at the different seasons to estimate the 
phase of parasitic development in wild mosquitoes (see Table I and Fig. 2). 



Fig. 2. — ^Phase of development of Wuchereria bancrqfti in wild Culex fatigans. 


5. — Dissection and E.xamination of 5,000 Wild Female 

Culex fatigans. 


Most of the insects were captured in Christiansted. 

This city is situated on the north coast at the base of high hills which enclose it on 
the north-east, east and south, it is thus sheltered from the eastern trade-winds and visitors 
frequently find it unpleasantly warm ; it is well laid out, most of the thoroughfares running 
north to south or east to west. The houses are generally well constructed, the better-class 
ones large and airy, being constructed on the Danish plan, in many of these a high staircase 
leads to the ground floor which is well above the street level ; even the houses of the poor 
are generally superior to those of the same classes in such neighbouring islands as Puerto 


Table I. 

BESyLTS OF EXAMINATIONS OF FEMALE CulcX fatigailS CAPTUEED AT ST. CROIX, VIRGIN ISLANDS, 
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Rico and Antigua ; most have a yard of varying dimensions with one or more outhouses 
for fowls, toilet and working tools, etc. The natives arc almost entirely dependent on rain 
for drinking water which is collected in unguarded, wooden or metal barrels in the vicinity 
of each house ; in these receivers most of the C. fatigmis and A, aegypti breed. Other 
sources for the breeding of culex are surface wells with brackish water used for washing 
and cleaning, pools near the coast with brackish water when after rains the diluted water 
becomes suitable for breeding, cisterns, tanks, unused sugar kettles, gasoline and other 
tins, broken bottles and cans in rubbish heaps. Breeding also occurs in damaged or 
obstructed gutters and water spouts of the roofs, and inside houses in disused tubs, pails 
and vases (Hayes, 1930). 

Source of the Insects. — Culex fatigaus was collected from the following 
places ; — 

A. — Christ! onsled. 

1. Inside the house of H. P. (occupant known to have microfilariae). 

2. Outhouses in yard of same. 

3. Inside house of V. P. (occupant known to have microfilariae). 

4. Outhouses in yard of same. 

5. Inside Municipal Hospital. 

6. A miscellaneous group taken from houses and outhouses in every 
part of the city regardless of information as to parasitization of 
the human population. 

B. — Outside Christiausted. 

7. Old People’s Farm at King’s Hill (centre of the island). 

8. Castle Coakley. 

Although many mosquitoes were taken at 1, 2, 3, 4 and 7 where one or 
more persons were known to have microfilariae in the blood, yet in the hospital 
group with a constantly moving population parasites were frequently not found 
for long periods in any of the insects. In the miscellaneous town group large 
numbers of insects were collected from houses where probably, and in some 
instances (from observation) certainly, no persons had microfilariae. It is felt 
therefore that the study represents a fairly practical cross section of the mosquito 
population of the city. 



Fig. 3. — Pyrex glass mosquito catcher. 

The insects were captured in ordinary pyrex glass mosquito catchers 
(Fig. 3) between 7.30 and 8.30 a.m. daily. After labelling the dishes with the 
place of capture they were brought to the laboratory and the mosquitoes 
were at once partially stunned with tobacco smoke. The wings were removed 
and they were put aside in dry Petri dishes. Working between 9 a.m. and 5 p.m. 

D 
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it was found possible, one person dissecting and one making the microscopic 
examinations and recording results, to study between seventy and seventy-five 
daily. The head and proboscis, the thorax, and the abdomen respectively were 
examined on the same microscopic slide in three separate drops of sterile saline. 
Only insects with blood in the stomach or with mature eggs, as evidence of 
a previous meal, were studied. The results of the studies are shown in 
Tables I and II. 

Table II. 

INFECTION OF WILD Culex fatigatis WITH THE LARVAE OF IT. hancrofti. 

SEASONAL INCIDENCE. 


Month. 

Number. 

Examined. 

Number 

Parasitized. 

Percentage Number 
Parasitized. Infective. 

Percentage 

Infective. 

Percentage of 
Parasitized which 
are Infective. 

1D35. 

October 

315 

76 

2i*l 

5 

1*5 

6*5 

November* 

1,367 

317 

231 

42 

3-07* 

13-2 

December* 

517 


30-9 

10 

1-9 

0-3 

1936. 

Januarj" 

484 

139 

28-7 

5 

103 

3-59 

Februarj' 

157 

53 

33-7 

3 

1-91 

5-66 

March 

38 

4 




0 

April 

16 

1 

6-25 

0 

0 

0 . 

May 

131 

24 

18-3 

0 

0 

0 

June 


293 

29-15 

25 

2-48 

8-5 

July 

635 

95 

14-9 

16 

2-51 

16-8 

October 

23 

4 

17-3 



0 

November 

88 

31 

35-2 

1 

1-13 

3-19 

December 

224 

57 

25-4 

8 

3-6 

14 

Totals 

5,000 

1,254 

25-08 

115 

2-3 

9-1 


* In considering the high percentage of parasitized insects it should be noted (see Table I) 
that all the King’s Hill dissections were made during these two months. 


6. — ^Examination of Other Wild Mosquitoes. 

Aedes aegypii . — In this series 386 female insects were studied between 
5th October, 1935, and 15th January, 1936. One hundred and ninety, or 49 per 
cent., were found to be infected with the microfilariae or young larvae of 
W. bancrofti. Small infections predominated and only in ten individuals were 
more than twenty parasites found. The largest number recorded were fifty-four 
in the thorax of one and sixty-six in the thorax of another taken in the house 
of H. P. 






F. W. o’CONNOR AND H. A. BEATTY. 


421 


Under natural conditions microfilariae exshcath rapidly in Aides and quickly reach 
the thorax, for their greatest number were generally found there, a conclusion confirmed 
when insects were fed on volunteers with microfilariae in the blood. In such insects most 
parasites had left the stomach within a few hours, and those left in it dead or dying were 
ver>‘ few compared with the numbers usually obsei^'ed in C. fatigans. After leaving the 
stomach of Aides the parasites are found in the thorax, and were not observed developing 
in or near the Alalphigian tubes or elsewhere in the abdomen. On arrival in the thorax 
many parasites die even before shortening ; survivors may remain active and unshortened 
for several days ; on the other hand shortening may take place early. In experimentally 
fed insects, parasites, shortened and sluggish or active and unshortened, have been found 
alive in the thorax as late as nine days after infection, but in no case did development of 
the intestinal canal take place. After this time only dead parasites were found in the thorax 
up to the 13th day. Dead and degenerating parasites were found in the thorax of sixty- 
eight of the wild A. aegypti. In degenerating parasites granulation occurs and is followed 
by fragmentation. Whether living or dead the parasites did not apparently affect the 
mosquito host and amongst the experimentallj' fed insects the mortality was much lower 
than was the case when using C. fatigans. Parasites were found in large, medium and 
small varieties of A. aegypti. In no instance was chicken blood found in the stomach of 
these, and efforts to make these imagines feed on blindfolded chickens in cages were 
invariably unsuccessful in St. Croix. 

The high incidence of infection of wild A. aegypti seems related to the 
biting habits of the insect which, being shy and easily disturbed, has been 
observed to bite several or more individuals in the same room within a few 
minutes. It is thus more liable to acquire parasites than C. fatigans which more 
commonly feeds to repletion on one person. The small infections usually found 
in A. aegypti are due in part to the fact of the smallness of the interrupted feeds, 
but even more so to its feeding more commonly during those hours of the day 
when fewer parasites are present in the peripheral blood of the human host. 
As noted, the lar\’ae never reached the infective stage. 

Anopheles albimanus. — Knott and Be.atty in 1935 found that in St. Croix 
A. albimanus was, under experimental conditions, a suitable host for the larval 
phase of IF. bancrofti ; during the present studies this observation was confirmed. 
In A. albimanus imagines fed on 9th October, 1935, fully developed larvae were 
found in the proboscis on the 27th day of the same month, development being 
apparently a little slower than in C. fatigans ; in one out of ten wild A. albimanus 
studied, young very active W. bancrofti laiA^ae were found. In St. Croix 
A. albimanus has only been found in limited areas ; it has sometimes become 
so prevalent as to cause severe outbreaks of malaria, but with the effective 
methods of the Public Health Service under Dr. Knott’s administration it has 
been easily controlled, so that it was difficult to procure even a few specimens 
during these studies. For this reason in St. Croix it cannot under ordinary 
conditions be considered of major practical importance as a vector of filariasis, 
although because of malaria vigilance is always necessary. 

Cule.x habilitator was likewise shown by Knott and Beatty in 1935 to be 
a good laboratory vector for the larvae of W. bancrofti. In the present studies 
development of the parasites in this insect was of the same duration as in 
C. fatigans. Throughout the year, however, the insect was never found in very 



422 


W. BANCROFTI IN MOSQUITOES. 


great numbers and so, though contributory, is not considered very serious as a 
transmitting agent of filariasis. Parasites varying in development between one 
and seven days were found in four out of five wild C. habilitator which were 
captured. 

Aedes taeniorhynchiis . — This insect was collected four times in houses near 
the seashore at Christiansted. Young parasites, dead and degenerated, were 
found in two of the insects. 


7. — The Fate of Microfilariae and Larvae in 
AND AFTER LEAVING Cidex fatigans. 

During, and soon after feeding, sheathed microfilariae are passed by 
C. fatigans per rectum, and sheaths and subsequently exsheathed larvae are 
found in the droppings until 24 hours later. This was demonstrated by placing 
newly fed mosquitoes in containers made by apposing microscope slides held 
together hy adhesive tape (Fig. 4).* The slides were subsequently separated. 



Fig. 4. — Container made from microscope slide for collection and examination 

of fly droppings. 


fixed and stained with haematoxylin when the parasites were demonstrated in 
the droppings. Many droppings were washed off in efforts to fix them, so it 
was not estimated how many parasites were lost, but from the numbers found it 
is clear that many succumb in this way. 


of such boxes and demonstration of the slides which made them up 
were first shown by me for Professor O’Connor at this Society’s Laboratory Meeting in 
March, 1936. — Clayton Lane. 
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In fifty-five instances only dead parasites were found in the stomach blood, 
none having reached the thorax. These were generally small infections but ten 
or more such parasites were found in seven insects, the highest recorded being 
twenty-six on two occasions. 


Table III. 

FATE OF LARVAE OF Wucliereria bancrofti ix wild Citlex fatigans during the first 20 hours 

AFTER AN INFECTIVE FEED. 



50 Mosquitoes dissected from 4 to 

50 Mosquitoes dissected from 10 to 


10 hours after an Infective Feed. 

20 hours after an Infective Feed. 

Blood ... 

Red ; little clotting. 

Dark : much clotting. 


Number of Larvae. 

Number of Larvae. 


Total. 

Some variations. 

Total. 

Some variations. 

In stomach 





Dead 

289 

0 1 8 123 12 

591 

55 51 07 18 18 

Feeble 

71 

0 0 0 0 12 

92 

6 2 1 0 17 

Active 

590 

50 25 25 17 0 

8 

0 0 0 0 1 

In thorax 

596 

50 72 31 13 1 

643 

25 63 1 58 44 

Grand total 

1546 


1,334 



Table III shows that of 2,880 parasites found in 100 wild culex (others had 
doubtless been passed previously in droppings) 880 or 30-5 per cent, died in 
the stomach blood ; 163 more parasites described as “ feeble ” should be added 
to this loss since they could not possibly in this condition extricate themselves 
from the clots which become larger and more numerous from 12 hours after 
the insect feeds. That such feeble parasites do not reach the thorax ■will be 
appreciated by comparing Parts I and II. of the T^ble. Thus, if these parasites 
are added to those already dead, then of 2,880 parasites found 1,043 or 36”2 per 
cent, would eventually have succumbed without further development. 

Ha'ving “ exsheathed,” a comparatively small number of larvae pierce the 
stomach wall and travel through the abdomen to the thorax which they may 
reach as early as two hours after the insects feed. The majority, however, as 
shown by Iyengar (1936) and O’Connor and Beatty (1936) reach the thorax 
later by way of the anterior midgut which they penetrate. Since parasites reach 
the thorax from 2 to 24 hours after the infective feed, the great variation in 
size, shape and motility at the latter time is explained, for some will have already 
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become shortened, broad and sluggish while others of the same generation will 
be long, narrow and very active. For the first few days after feeding there was 
sometimes a heavy mortality of insect hosts while the survivors showed a fair 
number of parasites, all dead, in the thorax ; on other occasions the insects 
themselves were apparently healthy when killed 24 hours after the feed but all 
the parasites in the thorax were dead both in heavy and light infections. .This 
shows that, even in a known suitable insect vector, parasites which have reached 
the thorax do not invariably survive. On two occasions exsheathed larvae were 
found in the proboscis of the mosquito 24 hours after ingestion ; these apparently 
had wandered out of the thorax while seeking a suitable location for development. 
After the first two days few parasites seem to die in the mosquito. No parasites 
were found developing except in the thorax until about 2 days before full 
development was reached ; then, however, even before the tail papillae were 
recognizable a few parasites were found in the abdomen, while others from the 
thorax exhibited definitely progressive movements. 

Although 25-08 per cent, of C.fatigans had become “ infected ” only 9-1 per 
cent, of these contained fully developed or “ infective ” parasites ; while of 
5,000 insects studied only 2-3 per cent, contained fully developed, infective 
lar\"ae (Table II). 

Probably, however, the percentage of C. fatigans which actually infect man 
in Christiansted is much smaller, as the following considerations suggest. 

I. — A number of insects are killed by strong wind, sudden torrential rain, spiders, 
bats and small lizards. Living, dying and dead larvae may be found in drowned insects. 
Chickens probably destroy many. In a first experiment to see if C. fatigans would feed on 
chickens, the mosquito-proofed cage used was so small that the mosquitoes could not get 
out of reach of the bird, and next morning every one of several dozen had disappeared ; 
the next evening the chicken placed in the same cage was blindfolded with an adhesive 
tape bandage and the following morning all the insects had not only sundved but their 
stomachs contained chicken blood. Furthermore, chickens wandering into the laboratory 
were observed devouring culex and aedes resting in the dark corners of the room. 

II. — Both mosquito and parasites may be killed by mutilation while biting. Experi- 
mentally, when insects with mature larvae were allowed to bite man and crushed by a blow 
as soon as the sting was felt, it was found that while some parasites survived others were 
either killed outright or so damaged as to prevent their further activity. It is possible 
that when so crushed some parasites, surv-iving, might make their way from thorax or 
abdomen to the human skin, yet probably more succumb than sundve by such treatment. 

III. — ^The bite of C.fatigans is immediately irritating to a person who is awake, and 
scratching by the victim results, so that some parasites having reached the skin are damaged 
or killed while wandering on or entering it. 

IV. — Parasites may be deposited on an unsuitable host. It has been shown that 
culex will readily bite domestic fowl. Moreover, from the frequency with which developing 
IF. bancrofti lan-ae were found in the thorax of insects with chicken blood in the stomach 
it appears that C. fatigans is almost as partial to this kind of avian blood as it is to human 
blood. If bancrofti lar\'ae are fully developed in a mosquito biting a fowl it is probable 
that the parasites get on to the skin or get lost among the feathers of the bird. 

V. — Parasites may leave the proboscis as the result of stimuli other than that of contact 
beuveen mosquito and the skin of any animal. While separating the head of C.fatigans from 
the thorax without touching the proboscis, Iar\'ae were observed fairly frequently to leave 
the tip of the latter and enter the drop of saline in which the parts were lying. The method 
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used for making permanent preparations of “ infective ” mosquitoes was as follows. The 
insects were partially stunned by tobacco smoke and allowed to drop into hot Schaudinn 
fixing fluid. The wings were only removed after fixation and prior to mounting. Never- 
theless, on several occasions larvae were found fixed in the act of leaving the proboscis 
(Fig. 5). In many of the small houses of the poor people the atmosphere is thick with 



Fig. 5. — Fully developed larv’a of I-F. bancrofti leaving proboscis of 
C. fatigam. X 100, 


smoke from tobacco or stoves and it is probably that larvae leave the proboscis of resting 
mosquitoes under such conditions. Whether mature larvae require any stimulus whatever 
to entice them from the proboscis would be well worth investigating. Once arrived there 
and with an available exit before them there seems to be no reason why they should not, 
by their wriggling and progressive movements, work their way to the exterior. 


Apart, however, from this last mere speculation there is abundant reason 
for believing that less than 1 per cent, of Culex fatigam in Christiansted succeed 
in so depositing their larvae as to insure the latter entering their definitive host, 
man. 


8. — Distribution of Fully Developed Larvae in C. fatigam. 

During previous studies in different countries and in experimentally fed 
insects it was frequently observed that fully developed larvae may be found in 
different parts of the body of the mosquito. In the present instances this was 
closely studied in ninety-two of the infective Culex considered in Table IV. 
It is probable that such parasites in the thorax are “ waiting their turn ” for 
entry to the already occupied head and proboscis, but why 57, or 62 per cent., of 
the parasites should Avander to the abdomen seems worth inquiry. A few 
parasites might aimlessly find their way to this locality but that so many do so 
suggests that this phenomena is not accidental. It is possible that for some 
reason the insects leave the thorax just before or on becoming fully developed 
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and go to the abdomen, until after going back to the thorax they can finally reach 
the head. Such parasites in the abdomen were carefully observed to see if they 
ever tried to pierce the tissue at the posterior end of the insect but no suggestion 
of an effort to do so was observed. It does seem possible that some larvae in 


Tabi.e IV. 

DISTRIBUTION OF LARVAE OF Wucliereria bancrofti within 92 Ciilex fatlgaiis found on- 

capture TO BE infected. 


Site of 
Infection. 

Number of 
Mosquitoes 
Infected. 

Number of Larvae in the 
Developmental Phases.”' 

Greatest Number of 
Larvae in any one 
Mosquito. 

I. II. 

III. IV. V. 

Proboscis 

37 


.50 

»> 

Head 

27 


3!) 

3 

Thorax 

7 

33 


12 


10 

30 


12 


0 


32 

10 


25 


80 

21 


47 


9.5 

11 

Abdomen 

30 

1 

1 57 

4 


• The larvae in 70 of these mosquitoes were assigned to one infective feed ; in 19 to two, and 
in 3 to three infective feeds. In tivo mosquitoes’certain larvae appeared to be those of Dirofilaria 
Jmmitis ; in three the stomach held bird’s, probably chicken’s, blood ; in four, all previously infected, 
the stomach held fresh blood with microfilariae still in it. 


the abdomen of the mosquito might, if the insects themselves were crushed 
during biting, make their way through ruptures of the insects to the human 
skin. While five parasites almost fully developed were found in the thorax of 
the same insect, the largest number of fully developed larvae found in a wild 
culex was 14, distributed thus — proboscis 2, head 5, thorax 6, abdomen 1. 


9- — Variations in the Incidence of Infection in Culex fatigans. 

It has been demonstrated that in and about certain habitations, where one 
or more persons have fairly high numbers of microfilariae in the blood at night 
(H. P., y. H. and Old People’s Home, Tables I and II), the insects are frequently 
heavily infected. It remains to consider the degree of insect infection at the 
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Municipal Hospital with its constantly changing population and also the miscel- 
laneous group from Christiansted. The microfilarial incidence of the general 
population had not been estimated at the time of these studies but much was 
learned from the study of the mosquitoes. Not only were insects examined from 
many parts of every street in the city but the collections were made again and 
again from the same places. Considering fifty parasites as heavy infections in 
the whole series, the distribution of such will be easily appreciated by examining 
Table V. 


Table V. 

LOCALITIES IN WHICH THERE WERE FOCND MORE THAN ")0 LARVAI. 
Wuchereyia bancrqfti in a Culex fatigans. 


Place. 

Number 

Examined. 

With 50 or 
more Parasites. 
Number. 

Per 

cent. 

' Number of Parasites in each 
' Mosquito. 

Inside house H. P. 

929 

17 

1-8 

j 141, 09, 67, 55, 153, 60, 76, 63, 

! 106, 85, 98, 63, 54, 116, 121, 

119,80. 

Outhouses, rain 
barrels H. P. 

252 

4 

1-0 

Ill, 54, 52, 144. 

1 

Inside house V. H. 

330 

0^ 

1-8 

, 80, 01, 07, 62, 72, 72. 

Outhouses, rain 
barrels V. H. 

302 

0* 

0 ‘ 

Municipal Hospital 

404 

2 

0-43 

j 07, 90. 

Christiansted 

2,339 

10 

0-09 

! 88, 52, 28, 70, 64, 318, 82, 63, 
53, 111, 119, 60, 50. 

Old People’s Farm 

107 

1 

0-93 

74. 


•Residence and outhouses fairly well separated on top of hill in open clearing. 


With regard to the town of Christiansted, subsequent analysis of this group 
showed that all the high counts except three came from one house in which the 
occupant, A., was later found to have a high microfilarial count. Thus, except 
for this house only three large counts were found in insects from the rest of 
the city. Similarly it was found throughout the studies that the highest incidence 
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of infected and infective mosquitoes Avere found in the same locations (except 
the Old People’s Farm) in which counts ranging from fifty to about 150 parasites 
were found most commonly in wild Ciilex. These locations are therefore of 
major importance, both as disseminating foci of Wuchereria bancrofti infection 
and from the point of view of reinfection of the patient and his living com- 
panions. If the locations where there is evidence of heavy infection of mosquitoes 
are investigated it will be found that other factors have to be considered in 
determining the danger of the spread of filariasis. 

The highest incidence of infection of C. fatigans was found at the Old 
People’s Farm where Dr. Knott found microfilariae in 46 per cent, of 124 people 
examined. Here obviously infection is spreading amongst the small group of 
occupants but, as the farm is situated on a hill in the middle of the island (Fig. 1) 
and far from the populated sections, there is little likelihood of filariasis spreading 
from this to other neighbourhoods. At the Municipal Hospital on a high hill 
behind Christiansted, with a constantly changing population it is probably not 
disseminated to any great extent especially since few of the patients remain long 
enough to acquire hea\q' infections. In the town generally, while small infections 
are disseminated everjw'here, mosquito studies indicate that the more 
serious menace is from certain houses like those of H. P., V. H. and A. With 
this information certain facts may be considered with a view to preventing or 
at least reducing the prevalence of filariasis. 

1. It would be impracticable to kill all or appreciably reduce the number of 
transmitting mosquitoes. Most of the C. fatigans breed in rain barrels on 
which the population mainly depends for its drinking water since there are 
neither rivers, ponds nor suitable wells with potable water. Larvicidal fish 
have been distributed freely for use in such barrels and are undoubtedly useful, 
but with limitations. When the larvae are killed, the stronger may devour the 
weaker fish and the supply dwindles. Moreover, the population are careless in 
maintaining these or requisitioning further supplies when necessary. The 
treatment of water in rain barrels and other receptacles with oil or Paris green 
is obviously unsuitable. The screening of all rain barrels and other receptacles 
has been considered but the enormous amount of material that would be required, 
the frequent repairs necessary owing to wear and careless handling by the people, 
and the fact that many receptacles could not be properly screened indicate that 
this measure would not prove successful. Daily destruction of mosquitoes in 
houses and outhouses might be tried but this measure, requiring considerable 
superAusion of personnel, has not been found applicable in large toAAms. 

Adoption of any of the foregoing measures would entail a large staff of 
inspectors or superAusors on constant service for indefinite periods at a cost 
beyond the power of gov^ernment or municipality to maintain. 

It seems, therefore, that AAuth our existent lack of knoAAdedge aa'c have no 
method for application which AA'ould insure the destruction of all insect carriers 
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and therefore the complete prevention of filariasis. It remains to be seen 
whether short of such an ambitious project something might not be done to 
limit appreciably the prevalence of filariasis and so (believing that much 
reinfection is necessary to produce symptoms), to reduce the degree of such 
reinfection and therefore the severity of the manifestations. 

The present work shows that, while some degree of infectivity of wild Ciilex 
faligam is found almost everywhere in Christiansted, foci of high iufectivily 
of the insect are not many. From family ineidence studies reported in other 
contributions as well as from the present work, it is clear that the greatest number 
of cases and the most severe ones occur in single houses or groups of houses. 
Sueh foci ai-e easily deteeted by stud 5 dng the microfilarial incidence in man in 
all houses in conjunction with the infective mosquito incidence. It would seem 
that just as in dealing with hookworm and ascaris, methods of prevention are 
concentrated especially on families with heavy infections, so preventive measures 
on filariasis should be especially directed against houses with high microfilariae 
numbers and high insect infcciivity incidence. In Christiansted up to the present, 
high insect infectivity was only observed, in three houses. While a few more 
may be subsequently discovered the indications arc that less than a dozen houses 
would require preventive measures of an intensive nature. 

10. — Studies and Methods Advocated with a View to Reducing 
Bancroft’s Filariasis in a Town such as Christiansted, St. Croix. 

A. The general measures adopted should be as follows : — 

I. — ^The incidence of persons with microfilariae should be dcteiTnined at the same 
time for the whole population. 

II. — ^The percentage of infective mosquitoes should be determined in the same houses 
and outhouses, etc. The mosquito “ infective ” incidence may be more valuable than the 
microfilarial incidence, partly because while some natives do not readily submit to having 
blood taken from them, yet when the reasons are explained to them they rarely object to 
their mosquitoes being collected. Furthermore, a person with microfilariae having been 
infected in another locality may be in a place where there are few or no mosquitoes and 
sojwill not be a serious menace. On the other hand, the repeated finding of infected 
mosquitoes is proof positive that one or more persons with microfilariae is near by. 

III. — These studies might well be repeated about every three years. 

B. In houses of high human and mosquito infectivity incidence the follow- 
ing local measures should be carried out : — 

I. — ^The nature of filariasis, its transmission and prevention should be completely and 
simply explained to the occupants of the house where control measures are instituted. 

II. — Suitable containers for potable and other water supplies should be adequately 
screened with wire netting. Where containers are not suitable they should be replaced. 

III. — ^The use of the mosquito net should be demonstrated. (If the occupants cannot 
afford them these should be provided from public funds.) 

IV. — ^The proper maintenance and use of all screening should be supervised at intervals 
by the existing sanitary officers. 
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V. — ^When possible occupants should be encouraged to keep fowls in their yards 7tear 
the house. 

VI. — ^The number of mosquitoes in the houses and the percentage of these which are 
infective should be recorded from time to time in order to evaluate the results of preventive 
measures. 

VII. — ^Efforts to have adult mosquitoes killed daily by the inhabitants while highly 
desirable will usually be found impracticable. This measure would be too expensive for 
government maintenance, but where full co-operation is assured should be adopted to 
supplement the foregoing. 
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MECHANISM OF OEDEMA IN HELMINTHIC ANAEMIAS. 

BY 

SAL.\H, M.R.C.P. (Lond.), D.T.M., D.T.H. (Liverpool). 

From the Research Institute and Endemic Diseases Hospital, Public Health Department, Cairo. 

The occurrence of oedema in helminthic anaemia is not uncommon. The 
fact that the association is variable suggests that more than one factor plays 
a role in its production. In order to determine the causative factors, twenty- 
two cases of helminthic anaemia with oedema have been subjected to special 
clinical and biochemical investigations and the effect of various diets and 
therapeutic measures on the conditions were observed. 

The folloAHng obser\^ations and findings may throw light on the mechanism 
and significance of this associated oedema. 

1. Although all cases showing oedema are markedly anaemic (haemoglobin 
below 50 per cent.) yet there is no constant relation between the occurrence and 
degree of the oedema and the severity of the anaemia, e.g., many cases having 
haemoglobin values of 10 to 20 per cent, showed no evidence of oedema. This 
suggests the presence of other factors beside the anaemia in its production. 

2. Oedema most commonly occurs in anaemia due to ancylostomiasis 
and intestinal bilharziasis. In the latter it is more common in the dysenteric 
cases. These two infections are the ones which give rise to marked disturbance 
of the gastro-intestinal tract and to marked anaemia. 

3. The oedema is usually soft, pale and following gravity in distribution ; 
mostly limited to the lower half of the body, it may occasionally acquire a 
generalised character (four out of t\venty-two cases). 

Ascites did not occur as a part of the general oedema except in three cases 
in which a moderate degree of cirrhosis was present. These cases do not include 
those associated Avith portal obstruction or polyserositis. 

4. Clinical examination as well as blood pressure and pulse estimations 
have excluded a purely cardiac origin of this oedema. There was a tendency 
to slightly low figures of both systolic and diastolic pressures in most eases ; 
in some cases there was dilatation of the heart (general, not limited to the right 
heart ; without eHdence of venous engorgement, thus excluding beriberi). 
These findings suggest a certain degree of circulatory weakness but no actual 
failure. 

In three cases the oedema disappeared, within 3 or 4 days after admission, 
on a protein-free diet, suggesting that rest was the main cause of its dis- 
appearance and that circulatory fatigue had been an important additional factor 
in its production. 

5. With the exception of diminished deep reflexes in some cases, there 
was no evidence of peripheral neuritis suggesting avitaminosis in any case. 
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6. Albuminuria is absent in these cases, with the exception of the slight 
albuminuria produced by bilharziasis. Blood urea estimations and urea 
concentration tests were within normal limits in all cases. These findings 
together with the low blood pressure and low blood cholesterol are definitely 
against any nephritic or nephrotic factor in the causation of this oedema. These 
observations do not agree with those of de Langen and Eerkens (1933) who 
found a combination of nephrosis and ancylostomiasis in seventeen out of twenty 
cases in Java. They concluded accordingly that there is an aetiological relation- 
ship between the two diseases. Such a conclusion cannot be accepted for the 
following reasons : — 

(a) No mention has been made of the degree of infection in these cases. 
From the haemoglobin values it can be seen that the anaemia was mild (above 
60 per cent, in sixteen cases) and, therefore, not sufficient to produce an 
intoxication severe enough to result in nephrosis. 

(b) The frequency of Ancylostoma infection in an endemic area results in 
its association with many diseases. An aetiological relationship based only 
on such an association especially in an endemic area could not be safely accepted 
without further proof. 

(c) We met with a case (outside this series) which showed the typical picture 
of nephrosis (albumin, fatty, hyaline and epithelial casts without nitrogenous 
retention, or circulatory disturbances and high blood cholesterol, 785 mg. 
per cent.). 

When this case was followed, signs of a nephritic process were detected 
6 months later (nitrogen retention, rise of blood pressure to 170/120, appearance 
of retinal changes of albuminuric nature) thus the case proved to have been 
in the nephrotic stage of nephritis when first seen. 

This case shows the importance of following up cases showing the nephrotic 
syndrome over long periods in order to detect signs of renal insufficiency of 
inflammatory origin. The absence of these signs is to be accepted as the final 
proof of their purely degenerative nature. 

Biochemical Investigations. 

Investigations on the blood chemistry of these cases have been carried out 
in fifteen cases ; the following findings were obtained and will be discussed : — 

1. The role of serum calcium in diminishing capillary permeability has led us 
to study its concentration in such cases. It was found to be slightly diminished 
in seven out of seventeen cases. It is to be noted that these cases with hypocal- 
caemia showed hypoproteinaemia as well. 

The cause of this hypocalcaemia cannot be attributed to either deficient 
supply, as the food of the hospital class of people is rich in calcium (milk, cheese) ; 
or to deficient absorption, as vitamin D is also available in milk while the exposure 
to sun helps the ultra-violet rays to synthesise still some more. Moderate 
hypocalcaemia is observed in patients with chronic malnutrition especially 
if advanced to the stage where oedema develops (Jansen, 1919). 
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Moreover, it appears to be established that the presence of an adequate 
amount of protein in the serum is one of the conditions essential for the 
maintenance of the normal calcium concentration. The fact that the seven 
cases with hypocalcaemia in our series were associated with hypoproteinaemia 
supports our conception that the hypocalcaemia here is secondary to the hypo- 
proteinaemia and not a primary nutritional deficiency. 

That this hypocalcaemia may have something to do with the occurrence of 
oedema in these cases was shown by the fact that injections of calcium (in 
addition to the high protein diet) did hasten the disappearance of the oedema 
in three cases. 

2. The determination of the plasma proteins showed low values in 12 out 
of the 15 cases analysed. 

Starling (1896) showed that the exchange of water between the blood and 
tissues depends on a balance between the colloidial osmotic pressure of the 
plasma proteins and the hydrostatic pressure within the capillaries. The 
significance of hypoproteinaemia in the production of nephrotic oedema has been 
suggested by Epstein (1917) and confirmed by other observations. There is no 
reason why a similar mechanism may not be responsible for the production of 
various oedemas of obscure origin. This induced us to investigate the total 
plasma proteins as well as the albumin-globulin ratio in these cases. 

Although the total proteins were not greatly below normal limits, the 
albumin fraction was unusually low. In anaemia without oedema hypopro- 
teinaemia of a lesser degree has occasionally been found (three cases). Such 
cases, if left for some time, will certainly pass into the oedematous group. 

Table. 

SERUM PROTEINS. 


Hospital 

Number. 

Total 

Protein. 

1 

i 

I 

Albumin, j 

Globulin. 

Albumin/Globulin 

Ratio. 

Calcium. 

4562 

5-44 

3-63 

1-81 

2 

9 

4681 

6-31 

2-56 

3-75 

0-78 

7-5 

4911 

6-12 

2-50 

3-56 

0-71 

9-7 

5726 

6 03 

3'2 

2-83 

1-13 

10-3 

4420 

6-15 

3-73 

2-42 

1-54 

8-38 

4792 

5-02 

1-89 

313 

0-7 

7-7 

3971 

6-73 

3-58 

315 

/ 1-13 

8-25 

3948 

5-59 

2-15 

3-44 

0-77 

8-41 

5121 

6-72 

2-28 

4-44 

0-54 

9-1 

3061 

6-32 

3-76 

2-56 

1-46 

8-7 

5619 

5-95 

3 07 

2-88 

1-41 

7-97 

1 5815 

6-62 

2-82 

2-8 

1 

9-9 


Results are expressed in grammes of proteins per 100 c.c. serum. The average 
serum proteins in normal healthy Egyptians, free from parasitic infections, were found to 
be ; Total proteins, 7-13 ; Albumin, 4-49 ; Globulin, 2-64 ; Albumin/Globulin ratio, !•/. 

Twelve cases showing hypoproteinaemia with albumin reduction, disturbed albumin/ 
globulin ratio and hypocalcaemia. 
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6. Albuminuria is absent in these cases, with the exception of the slight 
albuminuria produced by bilharziasis. Blood urea estimations and urea 
concentration tests were within normal limits in all cases. These findings 
together with the low blood pressure and low blood cholesterol are definitely 
against any nephritic or nephrotic factor in the causation of this oedema. These 
observations do not agree with those of de I>angen and Eerkens (1933) who 
found a combination of nephrosis and ancylostomiasis in seventeen out of twenty 
cases in Java. They concluded accordingly that there is an aetiological relation- 
ship between the two diseases. Such a conclusion cannot be accepted for the 
following reasons : — 

(a) No mention has been made of the degree of infection in these cases. 
From the haemoglobin values it can be seen that the anaemia was mild (above 
60 per cent, in sixteen cases) and, therefore, not sufficient to produce an 
intoxication severe enough to result in nephrosis. 

(b) The frequency of Ancylostoma infection in an endemic area results in 
its association with many diseases. An aetiological relationship based only 
on such an association especially in an endemic area could not be safely accepted 
without further proof. 

(c) We met with a case (outside this series) whieh showed the typical picture 
of nephrosis (albumin, fatty, hyaline and epithelial casts without nitrogenous 
retention, or circulatory disturbances and high blood cholesterol, 785 mg. 
per cent.). 

When this case was followed, signs of a nephritic process were detected 
6 months later (nitrogen retention, rise of blood pressure to 170/120, appearance 
of retinal changes of albuminuric nature) thus the case proved to have been 
in the nephrotic stage of nephritis when first seen. 

This case shows the importance of following up cases showing the nephrotic 
syndrome over long periods in order to detect signs of renal insufficiency of 
inflammatory origin. The absence of these signs is to be accepted as the final 
proof of their purely degenerative nature. 

Biochemical Investigations. 

Investigations on the blood chemistry of these cases have been carried out 
in fifteen cases ; the following findings were obtained and will be discussed : — 

1. The role of senan calcium in diminishing capillary permeability has led us 
to study its concentration in such cases. It was found to be slightly diminished 
in seven out of seventeen cases. It is to be noted that these cases with hypocal- 
caemia showed hypoproteinaemia as well. 

The cause of this hypocalcaemia cannot be attributed to either deficient 
supply, as the food of the hospital class of people is rich in calcium (milk, cheese) ; 
or to deficient absorption, as vitamin D is also available in milk while the exposure 
to sun helps the ultra-violet rays to synthesise still some more. Moderate 
hypocalcaemia is observed in patients with chronic malnutrition especially 
if advanced to the stage where oedema develops (Jansen, 1919). 
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Moreover, it appears to be established that the presence of an adequate 
amount of protein in the serum is one of the conditions essential for the 
maintenance of the normal calcium concentration. The fact that the seven 
cases with hypocalcacmia in our series were associated with hypoproteinaemia 
supports our conception that the hypocalcacmia here is secondary to the hypo- 
proteinaemia and not a primarj'^ nutritional deficiency. 

That this hypocalcacmia may have something to do with the occurrence of 
oedema in these cases was shown by the fact that injections of calcium (in 
addition to the high protein diet) did hasten the disappearance of the oedema 
in three cases. 

2. The determination of the plasma proteins showed low values in 12 out 
of the 15 cases analysed. 

Starling (1896) showed that the exchange of water between the blood and 
tissues depends on a balance between the colloidial osmotic pressure of the 
plasma proteins and the hydrostatic pressure within the capillaries. The 
significance of hypoproteinaemia in the production of nephrotic oedema has been 
suggested by Epstein (1917) and confirmed by other observations. There is no 
reason why a similar mechanism may not be responsible for the production of 
various oedemas of obscure origin. This induced us to . investigate the total 
plasma proteins as well as the albumin-globulin ratio in these cases. 

Although the total proteins were not greatly below normal limits, the 
albumin fraction was unusually low. In anaemia without oedema hypopro- 
teinaemia of a lesser degree has occasionally been found (three cases). Such 
cases, if left for some time, will certainly pass into the oedematous group. 

Table. 

SERUM PROTEINS. 


Hospital 

Number. 

Total 

Protein. 

Albumin. 

Globulin. 

Albumin/Globulin 

Ratio. 

Calcium. 

4562 

5-44 

3-63 

1-81 

2 

9 

4681 

6-31 

2-56 

3-75 

0-78 

7-5 

4911 

6-12 

2-56 

3-56 

0-71 

9-7 

5726 

6-03 

3-2 

2-83 

113 

10-3 

4420 

6-15 

3-73 

2-42 

1-54 

8-38 

4792 

502 

1-89 

3-13 

0-7 

7-7 

3971 

6-73 

3-58 

315 

/ 1-13 

8-25 

3948 

5-59 

2-15 

3-44 

0-77 

8-41 

5121 

6-72 

2-28 

4-44 

0-54 

9-1 

3061 

6-32 

3-76 

2-56 

1-46 

8-7 

5619 

5-95 

3-07 

2-88 

1-41 

7-97 

5815 

5-62 

2-82 

2-8 

1 

9-9 


Results are expressed in grammes of proteins per 100 c.c. serum. The average 
serum proteins in normal healthy Egyptians, free from parasitic infections, were found to 
be : Total proteins, 7-13 ; Albumin, 4-49 ; 'Globulin, 2-64 ; Albumin/Globulin ratio, T7. 

Twelve cases showing hypoproteinaemia with albumin reduction, disturbed albumin/ 
globulin ratio and hypocalcaemia. 
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6. Albuminuria is absent in these cases, with the exception of the slight 
^p^-QjYiinuna produced, by bilharziasis. Blood urea estimations and urea 
concentration tests were within normal limits in all cases. These findings 
together with the low blood pressure and low blood cholesterol are definitely 
against any nephritic or nephrotic factor in the causation of this oedema. These 
observations do not agree with those of de Langen and Eerkens (1933) who 
found a combination of nephrosis and ancylostomiasis in seventeen out of twenty 
cases in Java. They concluded accordingly that there is an aetiological relation- 
ship between the two diseases. Such a conclusion cannot be accepted for the 
following reasons : — 

(a) No mention has been made of the degree of infection in these cases. 
From the haemoglobin values it can be seen that the anaemia was mild (above 
60 per cent, in sixteen cases) and, therefore, not sufficient to produce an 
intoxication severe enough to result in nephrosis. 

(b) The frequency of Ancylostoma infection in an endemic area results in 
its association with many diseases. An aetiological relationship based only 
on such an association especially in an endemic area could not be safely accepted 
without further proof. 

(c) We met with a case (outside this series) whieh showed the typical picture 
of nephrosis (albumin, fatty, hyaline and epithelial casts without nitrogenous 
retention, or circulatory disturbances and high blood cholesterol, 785 mg. 
per cent.). 

When this case was followed, signs of a nephritic process were detected 
6 months later (nitrogen retention, rise of blood pressure to 170/120, appearance 
of retinal changes of albuminuric nature) thus the case proved to have been 
in the nephrotic stage of nephritis when first seen. 

This case shows the importance of following up cases showing the nephrotic 
syndrome over long periods in order to detect signs of renal insufficiency of 
inflammatory origin. The absence of these signs is to be accepted as the final 
proof of their purely degenerative nature. 

Biochemical Investigations. 

Investigations on the blood chemistry of these cases have been carried out 
in fifteen cases ; the following findings were obtained and will be discussed : — 

1. The role of serum calcium in diminishing capillary permeability has led us 
to study its concentration in such cases. It was found to be slightly diminished 
in seven out of seventeen cases. It is to be noted that these cases with hypocal- 
caemia showed hypoproteinaemia as well. 

The cause of this hypocalcaemia cannot be attributed to either deficient 
supply, as the food of the hospital class of people is rich in calcium (milk, cheese) ; 
or to deficient absorption, as vitamin D is also available in milk while the exposure 
to sun helps the ultra-violet rays to synthesise still some more. Moderate 
hypocalcaemia is observed in patients with chronic malnutrition especially 
if advanced to the stage where oedema develops (Jansen, 1919). 
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as well as loss of blood in the stools (ankylostomiasis). Similar observations 
have been reported in gastro-enteritis in children with subsequent oedema by 
Ashby and Moschcowitz, and in repeated small bleedings into the intestine by 
Moschcowitz (1933). 

(d) There is little in the literature to indicate whether the anaemic 
state itself is capable of producing hypoproteinaemia. Hypoproteinaemia has 
been demonstrated in Addisonian anaemia by Kahn and B.arsky (1919) in 
three cases and by Meulengracht (1927) in twelve cases. Meulengracht 
maintains its possible significance in the production of oedema in this disease. 
Here the hypoproteinaemia has been ascribed either to deficient blood formation 
or to excessive blood destruction ; but we cannot exclude the possibility of 
deficient absorption of proteins (constant achylia, diarrhoea, etc.) in this disease 
as well, as there is no evidence in the literature of any investigations carried 
out on these lines. Peters, Eisenman and Bulger (1925) found low proteins 
in three out of seven cases of profound anaemia ; in all moderate oedema was 
present, but no mention of the mechanism of the hypoproteinaemia in these 
cases was made. 

(e) Occurrence of ascites in bilharzial cirrhotic cases tends to aggravate the 
degree of hypoproteinaemia as some of the serum proteins will be lost in the 
ascitic fluid. 

(3) Chlorides of the whole blood estimations did not show any alteration 
suggestive of their implication in the causation of the oedema in these cases. 
The increase of the whole blood chlorides found in this series is attributed to 
preponderance of plasma chlorides over cell chlorides and not to actual increase 
in the former. 

4. Cholesterol content of the blood was diminished in all the cases examined, 
the lowest figure being 54 mg. and the highest 133 mg. Seven controls without 
anaemia from the same class of patients showed figures of 150 to 180 mg. per cent., 
suggesting that this reduction is related to the anaemia present, and not to any 
extrinsic dietetic factor. 

5. There remains a group of three cases where in the blood chemistry no 
changes were met with that could be incriminated in the causation of the 
oedema ; and in which the oedema did not disappear until the anaemic condition 
improved under anti-anaemic therapy. This group demonstrates that the 
anaemic state may be the most important factor in the causation of oedema. 

Therapeutic Investigations. 

1. In three cases the oedema disappeared within 2 to 4 days after admission 
on protein-free diet, suggesting that rest was the main factor in its cure and that 
circulatory fatigue is an important factor in its production. 

2. In sixteen cases the oedema disappeared on protein diet within 10 to 15 
days after admission before anything had been done to combat either the 
anaemia or the parasitic infections. 
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The final confirmation that hypoproteinaemia was the main factor in the 
production of oedema in these twelve cases was given by the fact that their 
oedema disappeared on full hospital diet with additional proteins within 10 to 15 
days after admission before any therapeutic measures to combat the anaemia 
or the parasitic infection were taken. Nevertheless, the anaemic state seems 
to be important as a factor participating in the causation of the hypoproteinaemia 
as well as predisposing to an easier exchange of water possibly by increasing 
the permeability of the capillary walls through malnutrition or by other altera- 
tions in the physico-chemical character of the blood (viscosity, osmotic pressure, 
etc.). 

The slight degree of reduction of the plasma proteins would by itself be 
unable to produce oedema in the absence of anaemia. The possible factors 
responsible for the production of hypoproteinaemia in these cases are discussed in 
the following : — 

(a) Insufficient intake of proteins. — Hypoproteinaemia was demonstrated 
in war oedema by Schittenhelm and Schlecht (1918), Jansen (1919), 
Nixon (1920) but they did not ascribe it to the hypoproteinaemia. Later 
experimental work has shown the relation between protein-poor diet and 
oedema. Denton and Kohman (1918) found that rats fed on a diet of carrots 
develop oedema, but if the diet contained an adequate supply of proteins no 
oedema occurred; Shelburne and Egloff (1931), caused hypoproteinaemia 
in a dog by reducing the protein intake, oedema only appearing when the plasma 
proteins reached 3-2 grammes per cent, on the 83rd day. Maver (1920) 
reported oedema in oxen and horses fed exclusively on distiller’s wash, the 
total amount of protein in this foodstuff being 0 to 5 per cent. 

That the diet of our hospital class of patients contains a small amount of pro- 
teins is manifested by the fact that some of them reported having had their 
last meat meal 2 years ago while scarcely any eggs are consumed. To consider 
deficient protein intake as a contributing cause of the hypoproteinaemia and 
oedema in this class of patients is justified, i.e., this oedema is in part if not 
entirely nutritional. 

{b) Insufficient absorption of protein. — K certain degree of enteritis is a 
common sequel of intestinal parasitism (bilharziasis and ancylostomiasis) and 
may interfere with the absorption of food proteins while the concomitant 
diarrhoea may hurry the passage of the intestinal contents before absorption is 
complete. Evidence of the occurrence of impaired absorption is found {a) in 
the presence of undigested muscle fibres in the stools in the diarrhoeic cases ; 
{b) in the glucose absorption curve as compared with intravenous glucose. 
In fourteen of these cases there was evidence of delayed absorption. 

Achlorhydria or hypochlorhydria may also be responsible for the incomplete 
digestion of proteins. 

(c) Excessive loss of proteins can occur in the diarrhoeic cases especially 
if dysenteric in character (intestinal bilharziasis) through loss of serum proteins 
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3. In three cases without changes in the blood chemistry, the oedema did 
not disappear until the anaemic condition improved. 

4. Administration of marmite alone did not produce any improvement 
in ten cases, including three with and four without hypoproteinaemia. 

Conclusions. 

Twenty- two cases of helminthic anaemia with oedema were subjected to 
critical clinical, biochemical and therapeutic studies in order to investigate 
the various causative factors and the mechanism of production of the oedema. 
The following results have been obtained : — 

1. Three cases showed a circulatory factor. 

2. Three cases were due to the anaemic state. 

3. Twelve cases showed hypoproteinaemia (biochemically investigated) ; 
four additional cases responded to high protein diet. 

4. Neither the hypoproteinaemic nor the normal cases showed any evidence 
of avitaminosis B^. 

5. In addition to the demonstration of the various causative factors that may 
be concerned in the production of this oedema and the blood changes associated 
with it, the investigation indicates new lines of treatment for this condition. 
By replacing the deficiencies in the blood chemistry the equilibrium will be 
re-established, and not only the disappearance of the oedema but also adequate 
blood regeneration will be helped. 
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THE RELATION OF BLOOD FEEDS TO THE MATURATION 
OF OVA IN ANOPHELES ELUTUS. 

BY 

M. YOELI 

AND 

G. G. MER, M.D. 

Malaria Research Station, Department of Hygiene, Hebrew University , Jerusalem. 


Introduction. 

Previous experiments (Mer, 1936) showed that after the ovaries of A. eliitus 
reached stage II in their development, a blood feed was essential for the 
maturation of the ova. Certain races of Culex pipietis are known to mature 
their eggs if fed only on sugar, raisins, etc. ; in the Anophelinae, however, ingestion 
of blood seems to be a sme qua non for the maturing of eggs. In, the experiments 
reported below an attempt was made to determine which fraction of blood 
contained the factor or factors indispensable for egg maturing in anopheles. 
Newly-hatched A. eliitus females were used. These mosquitoes generally 
require two blood meals to bring the eggs to maturity. Feeding on sugar or 
fruit juices results in the development of the ovary only up to stage II 
(Christophers et ah, 1936) and then a single blood meal induces egg maturation. 

Technique. 

Freshly hatched A. eliitus females were fed on whole blood, 
suspensions of washed red blood corpuscles in saline, serum, haemoglobin 
solutions in distilled water, sugar or raisins. After the digestion of the meal, 
the mosquitoes were dissected, the ovaries examined and their stage of evolution 
noted according to the scheme suggested by Christophers. Full blood meals 
were given by allowing the mosquitoes to feed on a donkey. Moist raisins 
and sugar solutions were introduced into the cages in which the mosquitoes 
were kept. Solutions of haemoglobin, suspensions of blood cells and serum 
were fed through a special animal membrane, in order to prevent their pene- 
tration into the diverticulum of the mosquitoes, which occurs regularly when 
the anophelines do not feed on an animal. In each experiment a number of 
mosquitoes were dissected to make sure that the food actually penetrated 
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into the midgut. In some experiments the exudate of cantharid blisters was 
used instead of serum. 


Experiaients. 

Experimetit A. Feeding on Red Blood Cells. (Table I.) 

The red blood cells of a donkey were separated from the serum by centri- 
fugation and washing in saline three times. After the last washing a quantity 
of saline approximately equal to that of the plasma was added. The suspended 
cells were fed to anophelines through an animal membrane. The results are 
shown in Table I. 


Table I. 

Effect of Red Blood Cells on Maturation of Ova. 


1 

Number of 1 

j Dissected after Digestion 

1 of 1st Feed. 

Dissected after Digestion 
of 2nd Feed. 


viy-naiciieu 
Female | 

4. elutus. ' 

Feed. ] Number Number 

1 with Ovary ■ with Ovary' 
Stage II. j Stage V. 

Number 
with Ovary- 
Stage II. 

Number 
with Ovary 
Stage V. 

Experiment 

57 

Red blood cells 
suspended in 
saline ^ 26 

! 

2 

O 

* 

27 

Control 

57 

Donkey 1 26 

j 


_ 

31 


Experivient B. Feeding on Serum. (Table II.) 

This series included three types of experiments : B, Bj, Bo. In Series B. 
serum separated from the coagulum and free from red blood corpuscles was fed 
to mosquitoes through an animal membrane. In Series Bj gelatin in pro- 
portions of 1 : 3, 1:6, 1 : 10 was added to the same serum in order to make 
the mosquitoes retain the serum for a longer period in the midgut (pure serum 
disappears from the midgut during the first 36 hours after feeding, while 
gelatinized serum is digested as slowly as whole blood). In Series Bg mosquitoes 
vere fed on cantharid blisters ; the fluid from these contains a serous exudate, a 
considerable number of white blood cells and a few red cells. The results 
of these experiments are summarized in Table II. 
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Tabi.e II. 

Effect of Serum or Serous Exudate on' Maturation- of 0\-a. 


Number of 
Newly-hatched 

Character of 

1 

} 

'■ Dissected 
j after 

1 Digestion of 
' 1st Feed. 

Dissected 

after 

Digestion of 
2nd Feed. 

Dissected 

after 

Digestion of 
3rd Feed. 

Dissected 

after 

Digestion of 
4th Feed. 

A. eluiiis. 


Number 

1 with Ovary' 
Stage I. 

Number 
with Ovary 
Stage I. 

Number 
with Ovary 
Stage I. 

Number 
with Ovary 
Stage I. 

Series B 3f) 

Pure serum 

, 10 

3 

O 

11 

Series Bi 30 

Gelatinized 

30 

— 

— 

— 


serum 





Scries Bo 21 

Blister exudate 

:y 

10 

' 

" 


Experhnent C. Feedwg on Haemoglobin. (Table III.) 

Solutions of haemoglobin were prepared from donkey red blood cells 
separated from serum by centrifugation. The cells were laked by freezing 
and thawng or else distilled water was added to give a 50 per cent, solution. 
In either case the stroma of the red cells was removed by centrifugation. The 
haemoglobin solutions were fed to anophelines through an animal membrane. 
The results are summarized in Table III. 


Table III. 

Effect of Haemoglobin on Maturation of Ova. 




Dissected after 
Digestion of 1st Feed. 

Dissected after 

j Digestion of 2nd Feed. 

I 

Dissected after 

1 Digestion of 3rd Feed. 

of 

Feed. , 

Number 

! Number 

Number j 

Number ! 

1 Number 

Number 

A. elutus. 

1 1 

with 

1 with 

with 

with j 

1 with 

with 


1 ) 

Ovary 

; Ovary 

Ovary 

Ovary j 

[ Ovary 

Ovary 

1 

i 

Stage I. 

j Stage II. 

Stage I. 

Stage II. j 

1 Stage I. 

1 

Stage II. 


, I 

42 Pure hae- 4 I 15 ; — j 5 j 1 

\ moglobin ' ' 

23 50 per cent. 

solution of I 
haemoglo- ■ 
bin 


4 


4 


3 


12 











440 


MATURATION OF OVA IN A. ELUTUS. 


It will be noted from the preceding experiments (Experiments B and C) 
that no maturing of eggs could be obtained either with serum alone or with 
haemoglobin alone. However, while the feeding on serum has no effect on 
the initial development of the follicles, feeding on haemoglobin leads to the 
development of the ova up to stage II. The effect of feeding on haemoglobin 
seems to be the same as that of feeding on sugar or raisins. 

Experiment D. (Table IV.) 

Since the ovaries of anopheles which had fed on raisins or sugar reach 
stage II and require very little blood for egg maturing it was to be expected 
that the specific egg maturing factor, contained in the blood, would be rnore 
readily detected if the various fractions were fed to insects previously maintained 
on these substances. In the following experiments serum or solutions of 
haemoglobin were fed to anopheles females which had been kept 6 to 8 days 
on raisins. The ovaries of these mosquitoes dissected before the serum or 
haemoglobin feed were always in stage II and the mosquitoes contained 
a certain amount of fat. The results of these experiments are shown in 
Table IV. 


Table IV. 

Effect of Haemoglobin Solutions or Serum Fed to A. ehiUts Females which had previously 

BEEN KEPT ON SuGAR OR RaISINS. 


Series of A. elutus 
Females. 

1 

1 

1 

1 

Character of j 
Feed. j 

Dissected after Digestion 
of 1st Feed. 

Dissected after Digestion 
of 2nd Feed. 

Number 
with Ovary 
Stage II. 

Number 
with Ovary 
Stage V. 

Number 
with Ovarj’^ 
Stage II. 

Number 
with Ovary 
Stage V. 

D, 

Haemoglobin 

39 


14 

— 

D, 

Cantharid blister 
exudate 

4 

26 


• 

Ds 

Serum 

' 2 

34 


— 

Control 

Full blood 

3 

15 


— 


It is apparent from Table IV that haemoglobin solutions have no 
effect on the ovaries of anophelines in which the initial development of the 
follicles was completed up to stage II by a previous feed on sugar or raisins. 
On the other hand, under the same conditions, one serum meal leads to egg 
maturation. In this respect, the effect of the serum is equivalent to that of 
whole blood. 
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Experiment E. (Table V.) 

From the results of Experiment C, it was to be expected that a feed 
on concentrated haemoglobin solution followed by a feed on serum would 
be sufficient for egg maturation. This proved to be the case, as is shown by 
the results tabulated below ; — 


Table V. 




Five Mosquitoes dissected 

Thirteen Mosquitoes 



after Digestion of 

dissected after Digestion of 



Haemoglobin. 

Serum. 

Eighteen newly-hatched A. 

eliitus 

Number | Number 

Number 

Number 

females were fed once 

with 

with Ovary j with Ovary 

with Ovary 

with Ovary 

haemoglobin and then 
serum 

with 

Stage 11. 1 Stage V. 

Stage II. 

.Stage V. 


5 1 - 

1 

j 

1 

12 

\ 


It appears, therefore, that the reason why blood is an essential food 
for egg maturation lies not in the need of haemoglobin but of some factor 
present in the serum. The haemoglobin can perform the same function as 
raisins or sugar and bring the evolution of the follicles up to stage II. Its 
effect is not, however, specific ; the specific factor in the blood necessary 
for egg maturation exists in the stroma of the red cells and in cell-free serum. 

Nature of Egg-Maturing Factor. 

It was pointed out by Mer (1936) that in Anopheles the process of develop- 
ment of the ovary may be divided into two distinct stages ; (a) up to stage II 
and {b) from this to maturity. This division is not an artificial one ; there 
is a basic physiological difference in the process of development. While the 
development up to stage II does not depend on blood or any of its constituents, 
the further development of the ovary is impossible without a factor which is 
apparently contained in serum as well as in the stroma of the red blood cells. 
In the following experiments we have attempted to ascertain the nature of this 
factor. 

Experwient F. Effect of Heat. (Table VI.) 

Whole serum was heated at 60° C. for 1 hour, and serum diluted in water 
1 in 3 was heated to 100° C. for half an hour. The heated sera were then fed 
to mosquitoes, with ovary development at stage II, through a membrane. 

The results of typical experiments are given in Tables VI and VII 
respectively. 
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Table VI. 

Heat Resistance of Egg-maturing Factor i.n Serum. 



T 

dissected bi 
Fe 

cn 

fore Serum 
ed. 

Twenty 

dissected after Serum 
Feed. 

Number 
with Ovary 
Stage II. 

Number 
with Ovary 
Stage V. 

Number 
with Ovary 
Stage II. 

Number 
with Ovary 
Stage V. 

Thirty A. clutus females were fed 
on raisins for 4 days, ten were 
then dissected ; and the remain- 
ing twenty were fed on serum 
which had been heated at 00“ C. 
for 1 hour 

10 

1 

1 


1 

19 

Control — ! Eight i Thirteen 

Twenty-one A. clutus females wore ' 8 — 1 2 11 

fed on raisins for 4 daj's ; eight ( ] ' 

were then dissected and the | ■ ' i 

remaining thirteen were fed on , ^ j 

unheated serum 1 1 1 i 

i ' 

' • ( 


Table VII. 

Heat Resistance of Egg-maturing Factor in Serum. 


Number of A. clutus 
Females with Ovaries 

Character of Feed. 

Dissected after Serum was Digested. 

Number with 

Number with 

at 

Stage II. 


Ovary Stage II. 

Ovary Stage V. 

Heated 

serum. 

* 23 

Serum (1 : 3) heated for 30 
minutc-s at lOO'^ C. 

18 

5 (21 per cent.) 


a. 50 

Whole serum 

4 

40 (92 per cent.) 

*3 u 

0) 

2 CO 

..•T3 

b. 32 

Serum diluted 1 : 1 

17 

15 (40 per cent.) 

O B 
±5 « 
ti 4) 

c. 28 

Serum diluted 1 ; 2 

20 

8 (28 per cent.) 

o § 

00 

Serum diluted 1 : 3 

14 

4 (22 per cent.) 


These experiments show (1) that the egg-maturing factor is heat-resistant 
and (2) that a certain concentration (or quantity) is required. Dilution of the 

serum, heated or unheated, decreases the percentage of mosquitoes with mature 
ovaries. 
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Experiment G. (Table VIII.) 

In this experiment, the serum was heated to 100^ C. for 15 to 20 minutes 
and the coagulated proteins separated by centrifugation. The supernatant 
fluid was decanted and the sediment dried. After drying, the powdered 
proteins were resuspended in water in a dilution of 1 in 4 ; 5 per cent, gelatin 
was added in order to obtain a stable suspension. 

Mosquitoes of the same batch were then fed through a membrane either with 
the supernatant fluid or with the serum suspension. The results are given 
in Table VIII. 


T.\blk VII I . 

Presence of EGG-^TATL•RI^•G F.actor in the Seru.m Proteins or Sere.m Whey. 


Number of Anopheles 
Dissected after Distestion 

Character of Feed. 

Number witli 

Number with 

of Feed. 


Ovary Stage II. 

Ovary Stage V. 

13 

Serum whey 

13 

— 

3ti 

Serum protein sus- 

5 

(S2-.T per cent.) 


pension in water 
(1:4) 




It is apparent from the data given in Table VIII that the egg-maturing 
factor is associated with the proteins of the serum and that its efficacy is not 
reduced by heating to 100° C. and subsequent drying. 


Experiment H. Function Lipoids. (Table IX.) 

In this experiment serum was treated with ether, allowed to stand for 
24 hours with repeated shaking. The ether layer was then removed, evaporated, 
and the ether-free residue emulsified in a concentrated solution of haemoglobin. 

Anopheles of the same lot, with ovaries in stage II of their development, 
were fed on the lipoid-free serum and on the lipoid suspension respectively. 
The results are given in Table IX. 


Table IX. 

Effect of Lipoids, extracted fro.m Serc.m or from Red Cells, on Maturing of Eggs. 


Number of 



Anopheles. 

Character of Feed. 

Dissected after Digestion of Meal. 

(n) 15 

Serum after extraction of lipoids 

All (15) had ovart" Stage V 

(5) U 

Serum lipoid suspension 

All (li) had ovarj' Stage II 

(c) 14 

Red cell-lipoid suspension 

All (14) had ovary Stage II 


These results demonstrate that the lipoids have no eflfect on egg maturing ; 
the lipoid-free serum, however, still retains its full potency in this respect. 
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Summary. 

A study was made of the blood elements essential for the maturation of 
eggs of anopheles mosquitoes. The results may be briefly summarized as 
follows : — 

1. Blood contains a factor which is necessary for the maturation of eggs 
of A. elutiis. 

2. Neither haemoglobin alone nor serum alone is capable of inducing 
egg maturation. 

3. Haemoglobin can bring the ovaries to stage II of their development 
but no further ; in this respect it serves as do raisins and sugar. 

4. If anopheles whose ovaries are at stage II are fed on serum, then 
complete ripening of the ovaries occurs. 

5. The specific egg-maturing factor is found, therefore, in the stroma 
of the erythrocytes as well as in the cell-free serum. 

6. This factor is still active after the serum has been heated at 100° C. for 
1 hour. 

7. In serum coagulated by boiling the specific factor is associated with 
the coagulum and is absent in supernatant fluid. 

8. Lipoids extracted from serum or red cells are inactive, whereas the 
extracted serum is still active. 

9. It is not clear whether we are dealing with an accessory substance or 
with the specific action of the protein itself. It is clear that the substance is 
heat-stable, and is associated intimately with the serum protein and cell stroma. 
It appears also that a certain quantitative relation exists because, when the 
serum is diluted progressively, fewer and fewer of the anopheles fed mature 
their ovaries. 
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STUDIES ON THE GABOON VIPER (BITIS GABONICA) AND THE 
PREPARATION OF A SPECIFIC THERAPEUTIC ANTIVENENE. 

BY 

E. GR ASSET, M.D. 

AND 

A. ZOUTENDYK. 

Senim Department, South African Institute for Medical Research, Johannesburg. 


Of the interesting results afforded by continuous researches on the polyvalent 
action of antivenenes prepared in our Serum Department, probably the most 
significant are those connected with the venom of the Gaboon viper {Bitis 
gabonicd). We have shown (Grasset and Zoutendyk, 1936 and 1937) that the 
concentrated polyvalent antivenene prepared by us from puff adder {Bitis 
arietans) and Cape cobra {Naia fava) anavenoms exhibits but a negligible 
neutralizing action against the venom of the Gaboon viper ; and, with the 
exception of some sera of Asiatic origin, this lack of action is even more marked 
in the case of those numerous sera of European, South American and South 
African origin which we have had the opportunity of testing in the course of 
very extensive comparative investigations. One can, therefore, conclude that 
no serum has hitherto been available for the treatment of bites by the largest 
viper in Africa, and although this is of no practical significance in the Union 
since the species does not occur here, it is a distinct hazard in those equatorial 
regions of Africa where it is comparatively common. Conversation and 
correspondence with well informed persons who have spent many years in 
tropical Africa tend to show that considerable confusion exists regarding the 
identification of the Gaboon viper — due to its nocturnal habits, its lethargic 
nature and its natural protective colouring. It is hoped that the following 
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description (from the British Museum Catalogue of Snakes, iii, 499) and the 
plates at the end of this paper will assist in clearing up this difficulty to some 
extent. 

Bitis gahonica. 

“ Nostrils directed upwards and outwards. Rostral very small, once and a half to 
twice and a half as broad as deep ; head covered with small, moderately keeled scales, 
smallest on the vertex, 13 to 16 from eye to eye ; 15 to 19 scales around the eye ; four 

or five series of scales between the eye and the labials ; a pair of more or less developed, 
compressed, erectile, triangular, sometimes bi- or tri-cuspid shields in contact with each 
other, between the supranasals, forming a pair of nasal horns ; four or five series of scales 
between the nasal and the rostral ; 13 to 16 upper labials ; four or five lower labials in 
contact with the chin shields. Scales in 33-41 rows, strongly keeled, outer row smooth ; 
lateral scales slightly oblique, pointing downwards. Ventrals 125-140 ; anal entire ; 
subcaudals 17-33. Brown above with a vertebral series of elongate, quadrangular, 
yellowish or light brown spots connected by hour-glass shaped dark brown markings , 
a series of crescentic or angular dark brown markings on each side ; head pale above, with 
a dark brown median line, a dark brown oblique band behind the eye, widening towards 
the mouth ; yellowish beneath with small brown or blackish'spots. 

Total length 1,170 millimetres ; tail 70 millimetres. 

Tropical Africa (West Africa from Liberia to Damaraland ; Zanzibar; Mozambique).” 

In a recent comprehensive stud}' of the reptiles of French West Africa 
(Angel, 1932), the length of a specimen is given as 1,750 mm. The author also 
describes and illustrates Bitis nasicornis which we have reason to believe 
is frequently confused with the Gaboon viper even by people who have spent 
many years in the tropics. This mistake is hardly likely to occur if it is 
remembered that the Gaboon viper possesses a pair of comparatively insigni- 
ficant horns set closely together whilst B. nasicornis possesses two or three 
pairs of much more prominent hornlike shields separated by small scales ; 
the colour of the latter snake is purple or reddish brown with olive or dark 
brown spots, a vertebral series of brown spots and an olive belly spotted with 
black or yellow. Its venom when desiccated is white compared with the 
canary yellow colour of Gaboon viper venom. 


Gaboon Viper Venom. 

We have not been able to trace any researches on the venom of the Gaboon 
viper, it having been apparently overlooked by workers in the field of immuno- 
logical studies of venoms and antivenenes. 

Yield.— The average yield may be taken as 200 mg. venom when desiccated ; 
but individual specimens have yielded as much as 300 mg. and in one instance 
4S4 mg. were obtained. By manipulating the glands of a dead Gaboon viper 
which measured 1,150 mm. in length, a volume of 1-73 c.c. was obtained 
from one gland. 

Toxicity. The toxicity of Bitis gabonica venom as compared with that 
of B. arietaiis is shown in the follou-ing table ; in every case the fatal dose kills 
in 12 to 24 hours. 
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Tahle I. 


Toxicity of thu Vf.nom of Bitis gabonicn compauf.d with Bitia oi iclniis Venom. 



Route. 

Venom 

in mp. 


Bitis f’ahnnicn. 

Bitis nrietans. 

Alouse 

Subcutaneous 

0-4 

0-15 

Rat... 

1 

1 

.3 

1-5 

Guineapig (.500 grammc.s) 

1 

/.) 

50 

Rabbit (1,300 gramme.s) 

j Intravenous 

3-2 


Pigeon 

1 

0-075 

0-075* 


, Subcutaneous 

2-5 

2 

Fo^^■l 

1 Intravenous 

O-C) 

1-5 

Sheep 

1 Subcutaneous 

i 

SO 

50 


— In a paper dealing with the toxic and antigenic properties of snake venoms 
(Grasset, Zoutendyk and Schaafsma, 1935), the fatal dose of Bitis arielmis venom for the 
pigeon appeared as Ouo mg. ; this should read 0-075 mg. as in the present table. 


The figures indicate that the potenc}^ of Bitis gabonica is considerably 
lower than that of 5. arietans when administered subcutaneously ; but, except 
in the case of the rabbit, this difference is more than compensated for by the 
highly coagulant nature of B. gabonica venom when administered intravenously ; 
this coagulant property has been the subject of considerable investigation in 
connexion with haemophilia in humans. 

DETOXICATION OF Bitis gobonica VENOM AND INVESTIGATION OF ITS ANTIGENIC 

PROPERTIES. 

By subjecting 1 per cent, solutions of B. gabonica venom to the action 
of 0-75 per cent, formalin at incubator temperature, we were able to procure 
atoxic derivatives analogous to those originally obtained by us in the case of 
B. arietans and other viperine and colubrine venoms. By dissolving the venom 
in normal saline the average time of incubation necessary for detoxication was 
from 5 to 6 weeks, but this period could be reduced considerably by the 
substitution of Martin’s broth for saline, the aspecific protein playing a similar 
role here to that which we have already reported upon in connexion with the 
detoxication of various colubrine venoms. Rabbits injected intravenously 
with 50 mg. of the detoxicated material survived without ill effects. 
That the antigenic properties remained unimpaired was demonstrated 
by the subcutaneous immunization of rabbits with the anavenom ; 
animals which received three injections of 30 mg., 50 mg. and 70 mg. at intervals 
of 8 days were so highly protected that they were able to withstand intra- 
venous test doses of 15 mg. B. gabonica venom, controls dying regularly in 
from 10 to 17 minutes. The possession of this atoxic antigenic material 
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facilitated the carrying out of comparative tests v^ith B. arietatis anavenom on 
the following lines : — 

Two groups of rabbits were taken ; Group I received three subcutaneous 
injections of 30 mg., 50 mg. and 70 mg. B. gabonica anavenom at intervals of 
8 days, Group 2 receiving the same quantities of B. arietans anavenom. On 
being tested intravenously at the end of this course of immunization the 
animals reacted as follows to specific and cross neutralization tests. 


Table II. 

The Specific and Cross Protection afforded bv Bitis gabonica and Bitis arietans 

Anavenoms. 



Limit of Specific 
Protection. 

Limit of Cross 
Protection. 

Rabbits immunized with Bitis 

gabonica anavenom 

Rabbits immunized with Bitis 
. 

arietans anavenom 

I.') mg. B. gabonica venom 
(.') fatal doses) 

10 mg. B. arietans venom 
(10 fatal doses) 

10 mg. B. arietans venom 
(10 fatal doses) 

No protection against B. 
gabonica venom 


The entirely unexpected fact is thus revealed that of two species zoologically 
classified as belonging to the genus Bitis, the venom of one {Bitis gabonica) 
possesses an additional fraction, probably coagulant, which is not included in 
the antigenic structure of the venom of Bitis arietans. The importance of 
this fraction is emphasized by the fact, already alluded to, that no antivenene, 
whether of African or overseas origin, among all those with which we have 
had the opportunity of working, is capable of exerting any appreciable action 
against the venom of the Gaboon viper ; the preparation of an antivenene 
possessing specific neutralizing properties is, therefore, highly desirable. 

Preparation of a Specific Bitis gabonica Antivenene. 

The chief difficulty in applying the knowledge already gained to the 
hyperimmunization of horses was the question of adequate supplies of Gaboon 
viper venom ; thanks, however, to the co-operation of Mr. B. Peers of the 
Cape Town Snake Park, and of a few public health authorities in tropical 
Africa, we were furnished with approximately 3-| grammes of the venom ; and 
we had perforce to rest content with this, for when it became known that no 
available serum was of therapeutic value in the event of a bite there was an 
understandable reluctance to handle living specimens of a formidable reptile 
like the Gaboon viper. 

With the exception of a small quantity retained for titration purposes, the 
available supply was converted into Gaboon viper anavenom by submitting 



E. GRASSET AND A. ZOUTENDVK. 


-149 


a 1 per cent, solution in Martin’s broth to the action of 0-75 per cent, formalin 
at 37° C. for 3 weeks. At the end of this period Horse 278 received a pre- 
liminary subcutaneous injection of 50 mg. and continued to receive weekly 
injections consisting of, respectively, 100 mg., 200 mg., 300 mg., 400 mg., 
500 mg., 600 mg., 700 mg., and a final injection of only 400 mg. due to the 
exhaustion of the supply of antigen. The neutralizing properties of the serum 
were assessed at different stages of the immunization, the tests being carried 
out by the intravenous injection of rabbits weighing 2,000 grammes with 
mixtures of serum and venom which had remained in contact at laborator}”- 
temperature for 1 hour. The samples of blood were taken from the horse 
immediately prior to an injection, i.e., 7 days after the preceding dose. The 
tests evinced a progressively increasing neutralizing action. For example, 
after the fourth injection (300 mg.) the action was negligible and irregular, whilst 
after the fifth (400 mg.) the time of death was delayed to 16 hours in rabbits 
injected with mixtures consisting of 3 c.c. serum and 7-5 mg. venom. After 
seventh injection (600 mg.) rabbits receiving similar test doses survived 
without ill effects, as did those receiving mixtures consisting of 2 c.c. serum 
and 5 mg. venom. A bulk bleeding was carried out 10 days after the last 
injection, tests showing that 3 c.c. serum were sufficient to neutralize 10 mg. 
venom, 1 c.c. being thus able to neutralize approximately one fatal dose for 
the rabbit. Cross neutralization tests showed that 3 c.c. of the serum were able 
to neutralize 5 mg. puff adder venom (five fatal doses for the rabbit), this 
confirming the results already referred to in which rabbits were submitted 
to active immunization with the respective anavenoms. 

Although the neutralizing power of the serum of Horse 278 was sufficiently 
high for our immediate purpose, there is no doubt that a larger supply of 
antigen Avould have afforded even more gratifying results by making possible 
a more intensive and extended course of immunization. 

CONCENTRATION OF THE Bitis gahonica ANTISERUM. 

All antivenene produced in our Serum Department is concentrated and 
refined by fractional precipitation with sodium sulphate ; the newly-produced 
Gaboon viper antiserum was submitted to the same process with equally 
successful results. Tests carried out with the resulting pseudoglobulin showed 
that 0-45 c.c. was able to neutralize 5 mg. venom, the concentrated and refined 
serum being thus 3-3 times more potent than the natural serum from which it 
was dciived. After diluting the pseudoglobulin with distilled water for 
therapeutic use, 1 c.c. of the finished product neutralized 7 mg. Gaboon viper 
venom ; since a dose of 20 c.c. is recommended for the treatment of a bite 
by the average sized specimen, a total quantity of 140 mg. venom would be 
neutralized, this being approximately equivalent to the amount delivered bj’’ a 
normal bite if one can judge by the weight of venom obtained by manipulation 
of the glands. It is therefore possible to treat bites by the Gaboon viper with 
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a specific antivenene and there is consequently a real need for either the 
production of a monovalent serum or the incorporation of Gaboon viper 
anavenom in the antigen employed for the preparation of a pol)'valent antivenene 
destined for use in equatorial Africa. Lack of the necessary venom is the only 
obstacle ; and now that specific protection is available for workers in this field 
it is hoped that with the aid of health officials in the territories concerned this 
difficulty will be overcome in the near future. 

Summary. 

The Bitis gahonica (Gaboon viper) is described and contrasted with the 
Bitis arietans (puff adder) and the Bitis nasicornis. 

Emphasis is laid on the fact that no domestic or foreign serum hitherto 
tested has exerted more than a negligible neutralizing action on B. gahonica 
venom. 

B. gahonica venom is characterized by a toxic fraction not present in 
B. arietans venom ; rabbits immunized with anavenom derived from the former 
show a high resistance to B. arietans venom, whilst injections of B. arietans 
anavenom afford no protection against B. gahonica venom. 

B. gahonica venom may be rendered atoxic by means of formalin ; the 
resulting anavenom is antigenic and gives rise in the horse to a specific antivenene 
of therapeutic value. 

The natural serum may be concentrated and refined by means of sodium 
sulphate, the neutralizing power being increased more than threefold. 
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Fig. 8.— Bill's arietam under natural conditions. 
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WARMTH AND HUMIDITY AS PREDISPOSING FACTORS IN 

THE INCIDENCE OF YAWS. 

BY 

H. D. CHAMBERS, M.B., Ch.B., 

Medical Officer, Jamaica. 


The purpose of this article is to emphasize the fact that the chief factors 
in the distribution of yaws are a warm climate and humidity. Factors such as 
rainfall, geological formation of soil, vegetation, altitude, distance from the sea 
are of importance only in so far as they affect humidity. Any influence which 
unhygienic conditions may exert or which flies, such as Hippalates pallipes, 
may have in the dissemination of the disease can occur only in areas with a 
tropical, humid climate. 

These deductions have been made as a result of the study of environmental 
factors and of their comparison in areas of Central America and of the West 
Indies where there is a high incidence of yaws with areas in the territories named 
in which there is no yaws. These investigations began on a visit to Central 
America and to Cuba in September, 1933, and were continued in Jamaica 
from October, 1933. The world distribution of the disease as expressed in 
the literature on yaws tends to confirm these deductions. 


F 
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The disease is rarely found in countries where the mean isotherm is under 
70° F. In countries lying between isotherms 70° F. and 79° F. the incidence 
of the disease is moderate except in regions \vith very heavy rainfall. In regions 
with isotherms of 80° F. and over the disease abounds, provided these regions 
are not arid or semi-arid. 

When these general principles are considered in relation to Jamaica, a 
small island surrounded by the Carribbean Sea, it is found that the distribution 
of yaws is very variable. The island records of the averages of minimum 
and maximum temperature of places w'here there is yaws and where there is no 
yaws, do not, however, reveal any parallel differences that could account 
for this uneven distribution of the disease. 

The living conditions and the pursuits of the masses throughout the island 
are fairly constant. Neither also from hygienic nor from economic standpoints 
is there any accountable difference between many areas where yaws abounds 
and those where there is no yaws. Unhygienic and poor economic conditions 
play important roles in the spread of the disease, but they are not in themselves 
essential factors, for in the slum areas of large towns in the island yaws does not 
occur. The occasionally reported cases have always been brought in from rural 
areas and give no cause for anxiety to the sanitary authorities : the disease 
quickly dies out again. Yet, hygenic and economic conditions in the slums 
show no improvement on those of rural yaws-infested areas. 

It has been found that in Jamaica where there is yaws the rainfall is generally 
fairly high, but the reverse is not always true. There are areas with little or no 
yaws which have a heavier annual rainfall than many yaws-infested areas. 
For example, in two rural districts, Duncans and Devon, -widely separated, 
there is no yaws, yet the average annual rainfall for the past 60 years is 80 inches 
41 part’s, and 73 inches, respectively. Duncans is 300 feet above sea level and 
Devon 2,560 feet. In another district, Duanvale, of elevation approximately 
500 feet, and with an average annual rainfall for the past 60 years of 51 inches, 
the incidence of yaws is fairly high. Duanvale is only about 7 miles from 
Duncans. In a rural district, Crawle, which lies between Duanvale and 
Duncans, with an approximate elevation of 400 feet, there is no yaws among its 
population of over one thousand. Several like instances could be stated of areas 
in Jamaica where there is a hea-^^r annual rainfall but with little or no yaws. 
There are also districts situated l,800feet to 2,300 feet above sea level where over 
57 per cent, of the population give a history of yaws, while in other districts of 
an equal elevation yaws does not exist. 

A study was made of the differences in living conditions and of environmental 
factors between Duncans and Crawle on the one hand and Duanvale on the other 
hand. The most striking difference was that while Duncans and Crawle 
in spite of heavier rainfall appeared to be well drained and comparatively dry, 
Duanvale was to all appearances damp. The presence of a swamp and of a 
few ponds in Duanvale emphasized this fact. The underlying geological 
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formation of these districts is limestone. To the south of Duanvale is a range of 
hills on a geological formation of conglomerates. The seepage of water from 
these hills carries in solution deposits which on settling make the top soil of 
Duanvale a marly alluvium. This surface soil is more tenacious than the top 
soil of Duncans and Crawle which are further removed from the hills. Because 
of the underlying limestone formation there are no rivers to carry deposits from 
the foothills to the plains on which the districts of Crawle and Duneans lie. 
For a time, however, it was thought that a certain pH of the soil may have been 
the cause which determined the presence or absence of yaws in a district. It was 
found that in some districts there is a distinctly alkaline soil with a high incidence 
of yaws. This also holds good in districts where there is no yaws. The only 
characteristic constant and predominant in all areas with a high incidence of yaws 
is a higher state of humidity as compared with areas with little or no yaws. 
This higher degree of humidity may be gauged by the amount of moisture in the 
surface soil. The incidence of yaws tends to rise in so far as there are 
factors which tend to increase the dampness of the soil. This dampness 
in turn is dependent on the colloidal content and the associated capillarity of the 
soil or on its impendability, or on other conditions encouraging dampness, 
such as poor drainage, seepage from watersheds, a persistently high sub-soil 
water level, or limitations to evaporation such as may occur in sun-starv'^ed 
valleys. The greatest contributory factor lies in the colloidal content and in the 
thickness of the top soil. When the surface soil is loose, water sinks rapidly 
till an impervious sub-soil is reached. The tendency is for the surface soil to be 
kept moist by water that rises from this sub-soil. As a result of the colloidal 
content of heavier soils there will be a greater tendency also to deposits of hygro- 
scopic water. Coarse, sandy soils obviously cannot hold water as do clay soils. 
Stockley* states that the colloid content of calcareous soils differs from normal 
clay or from soil of igneous origin ; that under drought conditions calcareous soils 
become gradually dehydrated at a quicker rate than do normal clay soils or soils 
derived from igneous rocks, both of which hold water more effectively. Thus, 
the non-moisture-retaining qualities of sandy soils with the very partial retaining 
qualities of soils of limestone formation tend to reduce humidity, and this accounts 
for the absence of yaws in such areas. In areas where the surface soil is of marl 
or alluvium some yaws will be found if any of the factors encouraging dampness 
are present. There is marked correlation between the heavier geological 
formations in Jamaica — such as carbonaceous shale, yellow limestone, conglom- 
erates and igneous rocks — ^with a high incidence of yaws. 

Very little purpose would be served in giving a long list of districts with a 
high incidence of yaws and of the respective factors which make them damp, 
or of districts with little or no yaws and of the respective factors which tend to 

♦Stockley, G. M. (1925). Report of the Government Geological Department, 27th March, 

p. 26. Jamaica : Government Printing Office. 



454 


INCIDENCE OF YAWS. 


lower the humidity. A few illustrations will suffice to emphasize the points 
mentioned. 

There are a few places which have little or no yaws notwithstanding an 
impervious soil. There must be other factors to produce this incongruity. 
These may be improved drainage, the paving of roads and pathways as in some 
townships, a larger percentage of people wearing shoes and stockings, improved 
types of dwellings with advanced sanitation which necessarily reduce the evils of 
overcrowding. 

To illustrate the relationship of humidity with a high incidence of yaws, 
a district came under purview in which the top soil was a sandy loam but which 
had other features that tended to render it damp. This district, although at an 
elevation of 600 feet, is surrounded by mountains rising to 1,730 feet towards 
the east and to 2,000 feet towards the west ; these serve to cut off hours of sun- 
shine in the morning and in the evening. The mountains lie on an impervious 
formation of igneous and conglomerate rocks. Seepage of water into the soil 
of this district is abundant. The standard of living is not below the average, 
yet the percentage of persons with a history of yaws was found to be 76-38, a 
percentage which is unusually high and only equalled in another district which 
lies in a valley and where the soil consists of impervious conglomerates and 
carbonaceous shale. The standard of living of the people in this district is 
somewhat below the average for rural Jamaica. Another district adjoining the 
first mentioned (with 76-38 per cent, incidence of yaws) is comparable to it in 
respect to soil, elevation, rainfall, standard of living and seepage from water- 
sheds, but owing to the arrangement of the mountain ranges which run due east 
and west it receives more of the sun’s rays and is therefore not as damp. The 
percentage of yaws is here 60-5. 

It is hoped that in the near future records will be obtained of the relative 
humidity of several yaws endemic areas for comparison with areas where there 
is no yaws. At present meteorological records on humidity are only available 
for one of the areas in Jamaica with a high incidence of yaws. A comparison 
is made of the relative humidity of this area during 1 month in summer, 1 month 
in autumn and 1 month in winter, with another area 16 miles away where there 
is no 5^aws. The relative humidity of the yaws endemic area was consistently 
higher than that of the area without yaws. The mean relative humidity for the 
period of observation was 89-6 per cent, in the yaws endemic area as compared 
with 74-5 per cent, for the area with no yaws. 

If humidity in relation to yaws incidence is of the importance that is claimed 
for it, then in the same district under more humid conditions of rainy seasons 
an increase in the prevalence of the disease is to be expected in comparison 
with drier seasons of the year. As a test a census was taken and examinations 
for yaws lesions carried out on all persons living in one small defined area after 
2 months of moderate rains. The area was left untreated until the end of a 
dry season when as many of the same individuals as possible were re-examined. 
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The rainfall for the 2 months preceding the first census was 12 inches 63 parts, 
and that for 2 months preceding the re-examinations was 3 inches 73 parts. 
The number of persons with lesions in this area was definitely higher by 9-2 
per cent, during the wet season than in the dry season. The higher percentage 
was due almost entirely to the larger number of individuals with infectious 
lesions after the wet season. The total number of persons examined at the end 
of the wet season was 625. Of these only 500 were available for a second 
examination at the end of a dry spell. (Forty-five having died or removed in the 
inteiA'al, and eighty more not being found.) Of these 500 cases (e.xamined 
Uvice) 

1 16 gave a history of a first attack of yaws 4 years ago 

128 „ „ „ „ „ „ over 4 years ago. 

This makes a total of 244 (4S-S per cent.) with a history of j'aws and therefore 
possibly with some degree of immunity; while the remaining 256 (51-2 per 
cent.), gi^'ing no histoty of yaws, may be considered as possibly non-immune. 


Lesions found on Examination. 

Wet Season. 

Dn* Season. 

. 


Number. 

Per cent. 

Number. 

Per cent. 

Infectious lesions ... 

Non-infectious lesions 

CO 

36 

12-0 

7-2 

15 3 

35 7 

Totals 

9C 

19-2 

50 

10 


A similar estimate was made in another area after two separate dry periods. 
There was no appreciable difference in the number of persons with lesions. 
Other estimates of the prevalence of the disease in the same area in wet seasons 
as compared with dry seasons showed an increase of lesions, mostly of the 
infectious tj-pe, in the wet seasons. 

In damp or humid areas vegetation is usually profuse. Vegetation tends 
to increase humidity. Any other influence of vegetation in the spread of the 
disease is not upheld. The presence of increased numbers of flies such as 
Hippalates palUpes in yaws endemic areas seems incidental to factors promoting 
dampness and to the presence of food supplies for the flies, among which yaws 
sores would figure prominently. In many dry areas of Jamaica there is less 
vegetation but there are many briars which pro\dde greater facilities for injuries 
to the extremities. One might think these injuries would provide means for 
dissemination of the disease, but this does not appear to be the case. There is no 
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reason to believe that any type of vegetation would sustain the infecting 
organism outside the human body. 

In areas where there is little or no yaws, but which are readily accessible to 
persons from yaws endemic areas, a temporary increase or a few cases may occur 
in abnormal periods of humidity dependent on prolonged rainy seasons. 

The true position seems to be that a humid atmosphere slows up the 
evaporation of moisture from the skin. A moist skin seems to have some 
influence on the exuberance of skin lesions. Treponema pertenue coming in 
contact with moist surfaces w’hether of skin or of soil, will survive for longer 
periods than it does with dry surfaces. 



Transactions of the Roval Society of 
Tropical Medicine and Hygiene. 
Vol. XXXI. No. 4. January, 1938. 


457 


THE CHINESE URBAN DEATH RATE IN HONGKONG. 

BY 

K. H. UTTLEY, M.A., M.D. (Camb.), D.T.M. & H. 

Medical Officer, Hongkong. 


Introduction. 

The geographical, social and climatic conditions of Hongkong are described 
in detail in a paper now in the press (Uttley, 1938) and only a brief outline 
will be given here. 

Hongkong is just within the tropics on the coast of South China. It is 
subject to the effects of the monsoons, November to March being dry and cool, 
and the rest of the year being hot, damp and muggy, when most of the annual 
87 inches of rain fall. Of the population 97 per cent, are Chinese, who live 
either in the two cities, Victoria, on the Island of Hongkong, and Kowloon, 
which is on the mainland across the harbour ; in the country villages ; or 
on the sampans and junks in the Avaters about the colony. Their main 
occupation is commerce and trade with the neighbouring parts of China, and a 
considerable minority of the population is constantly on the move to and 
from China. It is stated that 7,000 persons enter or leave the colony daily. 
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With such a large migration constantly taking place, any attempt to calculate 
a standardized death rate is bound to result only in an approximation. Never- 
theless the attempt is justified since death registration in Hongkong is accurate, 
and the census returns are very fairly accurate, while no such calculation has 
hitherto been made either for Hongkong or for any Chinese city. 

The results I have obtained, though not as accurate as similar data for 
Western European countries or North America, are I believe reasonably near 
the truth. 

This paper discusses only the urban Chinese of the colony. While 
personally scrutinizing each of the 420,000 death returns dealt with in this 
paper, I excluded those occurring among the non-urban population, such as the 
countr}' dwellers, harbour inhabitants, those passing through the colony and 
also those of non-Chinese. Similarly census figures concerning only the urban 
Chinese of Victoria and Kowloon were used, and not those for the whole colony. 
It is necessary to emphasize this, because all official returns dealing with disease 
and deaths in the colony relate to the colony as a whole, and up to the present 
no attempt has been made to consider one section of the population alone ; 
from a statistical point of view such official data are of little value. 

Victoria throughout the last 50 years has been very overcrowded, and 
is no less so to-day than in the past. Its 740 acres of built-over land house 
over 400,000 people. In Kowloon the greater proportion of its 250,000 
inhabitants live in an area accommodating over 300 to the acre. Victoria and 
Kowloon are in many respects one city separated by a mile of harbour ; in this 
paper they will be taken together as such when dealing with data referring 
to 1901 or later. Prior to that date, Kowloon was too small to be considered 
an urban area, and I have not included it in my figures for 1897 to 1900. 
Whenever the name Hongkong is used in this paper, it refers to the urban areas 
I have mentioned, and not to the colony as a whole. 


The Census Populations. 

Table I shows the growth and the structural changes which have taken 
place in the urban Chinese population of Hongkong since 1897. In that year 
the first census sufficiently accurate for the purpose was taken. All figures 
are adjusted to estimated mid-year populations in the census years. 

In the early years of the colony, i.e., in the ’forties and ’fifties of last century, 
Hongkong from the Chinese point of view was a place to which the young 
adult male came to seek a living ; but from which, after the best years of his life 
were over, he departed to rejoin his wife and children who had been left behind 
in the ancestral village up country. This might lie anyrvhere in the neighbouring 
provinces of China. By the middle of the ’eighties some of the labouring 
classes began to bring their brides or families to Hongkong to live, after the 
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husbands had found an occupation. By the turn of the century this tendency 
was well marked, and has continued at an ever increasing rate. As conditions 
became more favourable for the growth of family life, and incidentally as the 
standard of life improved, this tendency to bring relatives and dependents 
to Hongkong became the rule: no longer were children, born in Hongkong, 
sent back in large numbers to the ancestral village to live until old enough 
to be married or to earn a living. 

TAia.i; 1. 


Hoxgkoxg Uun.\x Cmxrsr Poeuvnoxs at svcen-iuxo Crx-sesi-s. ISST-P.'at. wnn iitr 
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These changes show themselves in the figures ot Table I, where it is seen 
that a steady increase has taken place in the relative and absolute numbei-s of 
the very young and the elderly during the last 40 years. I'here has always 
been a preponderance of males, though now much less than in the past. 

There are two points to which attention should be drawn in these census 
figures. In those for 1911 there are stated to be included about 20,000 refugees 
who had fled from the revolution which resulted in the destruction of the 
Manchu dynasty. The census in 1921 was taken at a time of poor trade condi- 
tions when a certain unknown number of people would have returned to 
their homes up country to await better times. Average conditions prevailetl 
when the remaining censuses were taken. From the census reports one can 
infer that so far as the urban population is concerned tliere was very little 
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also those of non-Chinese. Similarly census figures concerning only the urban 
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and deaths in the colony relate to the colony as a whole, and up to the present 
no attempt has been made to consider one section of the population alone ; 
from a statistical point of view such official data are of little value. 

Victoria throughout the last 50 years has been very overcrowded, and 
is no less so to-day than in the past. Its 740 acres of built-over land house 
over 400,000 people. In Kowloon the greater proportion of its 250,000 
inhabitants live in an area accommodating over 300 to the acre. Victoria and 
Kowloon are in many respects one city separated by a mile of harbour ; in this 
paper they will be taken together as such when dealing with data referring 
to 1901 or later. Prior to that date, Kowloon was too small to be considered 
an urban area, and I have not included it in my figures for 1897 to 1900. 
Whenever the name Hongkong is used in this paper, it refers to the urban areas 
I have mentioned, and not to the colony as a whole. 


The Census Populations. 

Table I shows the growth and the structural changes which have taken 
place in the urban Chinese population of Hongkong since 1897. In that year 
the first census sufficiently accurate for the purpose was taken. All figures 
are adjusted to estimated mid-year populations in the census years. 

In the early years of the colony, i.e., in the ’forties and ’fifties of last century, 
Hongkong from the Chinese point of view was a place to which the young 
adult male came to seek a living ; but from which, after the best years of his life 
were over, he departed to rejoin his wife and children who had been left behind 
in the ancestral village up country. This might lie anywhere in the neighbouring 
provinces of China. By the middle of the ’eighties some of the labouring 
classes began to bring their brides or families to Hongkong to live, after the 
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husbands had found an occupation. the turn of the century this tendency 
was well marked, and has continued at an ever increasing rate. As conditions 
became more favourable for the growth of family life, and incidentally as the 
standard of life improved, this tendency to bring relatives and dependents 
to Hongkong became the rule : no longer were children, born in Hongkong, 
sent back in large numbers to the ancestral village to live until old enough 
to be married or to earn a living. 


Table I. 


Hongkong Urban Chinese Poulations at succeeding Censuses, 1897-1931, with the 
Percentage oe the Population in each Age Group. 


Age in Years. 

1897 

1901 

1911 

1921 

1931 

0 upwards 

4-4-2 

3-94 

4-70 

7*7S 

8 -.69 

5 

.'•>•37 

4-81 

6- 16 

7-03 

7-44 

10 „ 

(i-27 

0-16 

6-84 

8-8.6 

8-14 

15 

26 •.'53 

27-66 

24-30 

26-33 

26-21 

25 „ 

26-71 

26-92 

26-00 

22-43 

21-21 

3o ,, 

17-06 

16-68 

17-82 

16-81 

14-57 

45 ,, 

10-33 

9-07 

8-93 

8-0.6 

8-84 

55 ,, 

4-13 

3-84 

3-77 

3-28 

4-33 

65 ,, 

0-98 

0-90 

I-)6 

1-23 

1-31 

75 ,, 

0-19 

0-20 \ 

0-27 

0-20 

0-40 

85 ,, 

0-01 

0-C4 / 




Totals — 






Males 

117,644 

163,169 

19.6,322 ‘ 

272,1.63 

371,900 

Females 

45,53 1 

o / , 1 oO 

90,790 i 

102,671 

208,850 

Persons 

103,076 

220,319 

286,118 1 

434,724 

040,760 

Intercensal increase 


57,244 

6.6,799 j 

i 

148,606 

206,032 


These changes show themselves in the figures of Table I, where it is seen 
that a steady increase has taken place in the relative and absolute numbers of 
the very young and the elderly during the last 40 years. There has always 
been a preponderance of males, though now much less than in the past. 

There are two points to which attention should be drawn in these census 
figures. In those for 1911 there are stated to be included about 20,000 refugees 
who had fled from the revolution which resulted in the destruction of the 
Manchu dynasty. The census in 1921 was taken at a time of poor trade condi- 
tions when a certain unknown number of people would have returned to 
their homes up country to await better times. Average conditions prevailed 
when the remaining censuses were taken. From the census reports one can 
infer that so far as the urban population is concerned there was very little 
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evasion when filling in the returns except for infants, a deficiency which will 
be discussed later in the paper. Table I shows that there has been a gradual 
increase in the percentage of the age group 0^ years. One reason for this 
has already been mentioned, namely, the gradual increase in family life, with 
the resulting increase in the number of children. Another reason, also men- 
tioned, was the diminishing tendency to send children back to the ancestral 
village with the passage of time. The small percentage of children among 
Chinese families may come as a surprise to some. Contrary to general belief, 
Chinese families are not large.* In the age groups 5-9 and 10-14 years, the 
percentages have also risen throughout the period. Throughout working life, 
i.e., in the age groups from 15 to 44 years of age, there has been some decline 
in the proportions. 

After the age of 45 years the percentages are very low and much less than 
in Britain. One reason for this is the very much shorter expectation of life 
among Chinese. Old people, namely those over 60 years of age, are rare in 
China, even in country places. (This is my impression. I hope to prove it 
statistically for a rural community in a later paper.) 


THE DEATH RATES AT ALL AGES. 

Table II shows the standardized death rates for the urban Chinese popula- 
tion at each of the censuses since 1897 (directly standardized against the 
England and Wales population of 1901). The crude rate is also given for each 
year. With a very fluctuating population such as that of Hongkong it is 
not possible to work out accurate standardized rates for intercensal years, 
and for the calculation of the crude death rates I assumed that in intercensal 
years the population increased in geometrical progression. 

During the first tivo-thirds of the period under review Hongkong was 
afflicted with epidemics of plague which caused great variations in the death rate 
•from year to year. Since 1922 the disease has been absent. f Additional 
factors contributing to the fluctuations are the smallness of the colony’s 
population, and the habit of the Chinese, mentioned elsewhere 
(Uttley, 1938) of returning to their native village when they consider themselves 
sick enough to die. This last factor' will tend to reduce the rate to a value 
lower than it otherwise would have been, especially in an epidemic year, because 

*Lennox (1919) in dealing \yith a series of 4,000 fathers, states that in Peking there 
are -'I chilaren per family, 1-4 being alive and 0-/ dead. Gray, quoted by Lennox, work- 
ing on another group in Peking of 1,000 mothers, found the corresponding figure to be 
children per family. Hammond and Hsu (1927) when dealing with a series 
of 90d families, also in Peking, obtained a figure of 3-7 per family. Fan (1933) in Tsinan, 
bnantung, with 2,o00 families found an incidence of 3-4 living births per family. 

fExcept for one death in 1928 and two in 1929. 
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Chinese are easily alarmed by an epidemic, and if they can afford to do so 
they try to get away from an infected area to their homes for the time being. 

A consideration of Table II shows that the standardized rate of males 
was less than that of females up to and including 1911. In 1921, the rates 
were the same for the two sexes, in 1931 the male rate was 4T per 1,000 higher 
than the female rate. The rates both for persons and for the sexes separately 
have varied considerably from one census j^ear to the next and show no definite 
trend. Coneerning certain of the years it must be pointed out that 1901 was 
a year in which a severe outbreak of plague accounted for a fifth of all deaths. 
In 1906, there was a similar though less severe epidemic which caused a tenth 
of all deaths. In 1908 plague and smallpox between them accounted for an 
eighth of all deaths. 1911, 1912 and 1913 were plague years, 1912 and 1913 
smallpox years, the deaths from these causes averaging about a tenth of the 
total eaeh. In 1918, there was the influenza pandemic, in addition to which 
cerebrospinal meningitis visited the colony for the first time in epidemie form 
and caused 9 per cent, of all deaths ; a large fire accounted for another 5 per cent, 
and plague was also somewhat severe. 

On the other hand, there was no epidemic of anj' disease in 1897, 1903-4—5, 
1909, 1910 and 1915. With reference to the relatively high crude death rates 
for the last 15 or 20 years it must be remembered that in the earlier years the 
population contained a larger proportion of people aged 5 to 44 years than 
it did later, and consequently favoured a lower crude rate in the first half of this 
period than it did in the latter half. 

THE DEATH RATES .AT AGES. 

Table III shows the death rates at ages for each of the five census years. 
Similar figures for England and Wales in 1931 are given for comparison. 

It must be remembered that the 1901 figures are unduly high because 
of the severe epidemic of plague that occurred in that year. Taking first the 
rates on both se.xes combined it will be seen that there has been relatir^el}^ little 
change in the enormously high death rate during the first five years of life. 
It seems to have been at its highest in 1911, but too much reliance must not 
be placed on this rate of early childhood because a certain unknown number of 
infants arc not registered at the censuses. This applies more especiall}'- to female 
infants (see later). In the second 5 years of life, there has also been little change ; 
the figures suggest a slight fall. At ages 10-14 the rate has declined by half, 
the fall taking place entirely in the latter half of the period. At 15-20 years 
there has been a well marked drop since the peak in 1901, but little improvement 
between 1897 and 1931. At all later ages there has been not only no improve- 
ment in the mortality experience but a rising rate in the last 20 5'ears. (The 
figures for 75 years of age and upwards are unreliable owing to the smallness of 
the numbers involved.) 



Table III. 

Deaths at Ages pee 1,000 Living at successive Census Yeaes, Hongkong, 1807 lo 10.11 
(P. == persona ■ M. = m.alcs ; F. = fcm.ilcs.) 
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It must be remembered that the 1901 figures are unduly high because 
of the severe epidemic of plague that occurred in that year. Taking first the 
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change in the enormously high death rate during the first five years of life. 
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infants are not registered at the censuses. This applies more especially to female 
infants (see later). In the second 5 years of life, there has also been little change ; 
the figures suggest a slight fall. At ages 10-14 the rate has declined by half, 
the fall taking place entirely in the latter half of the period. At 15-20 years 
there has been a well marked drop since the peak in 1901, but little improvement 
between 1897 and 1931. At all later ages there has been not only no improve- 
ment in the mortality experience but a rising rate in the last 20 years. (The 
figures for 75 years of age and upwards are unreliable owing to the smallness of 
the numbers involved.) 
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The general trend of the rates of males and females has been fairly similar. 
In the years of childhood, 0-5 and 5-10, neither shows any definite improvement 
over the 34 yeak. At 10-15 both sexes show a declining rate and with females 
this improvement also extends to the age groups 15—20 and 20—25. At ages 
25-45 both sexes show a rate that is nearly stationary over the period while 
at ages over 45 both show a rising mortality, the increase being, however, 
substantially greater amongst the males. 

The ratios of the male to the female rates at each age and at each period 
are shown in Table IV. The figures for ages 0-4 show at first higher values 


Table IV. 


Ratio of Male to Female Mortality. 


t.e. 


Male death rate X 100* 
Female death rate at Ages 


Age Group. ' 
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181 
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55 

14G 

108 

119 

164 

ISl 

136 

65 

114 

90 

106 

117 

119 

130 

75 

67 

64 

57 

131 

194 

112 


*These figures do not always correspond e.xactly with those deri\-able from Table III 
owing to the omission of decimals in that table. 


for females than for males in the last two census years the rates were equivalent. 
It has already been pointed out that the figures for the first fetv years of life 
must be accepted with some reserve. I believe, however, that the infant 
mortality of females in China has always exceeded that of male infants, if only 
because of the much greater care bestowed on the latter in Chinese’ homes. 
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CHINESE DEATH RATE IN HONGKONG. 


in an increase of the infirmities and sicknesses of old age and, therefore, an 
increase in mortality at these ages. 


The Mortality at ages 0-5. 

During the last 2 years registration of births in Hongkong has been much 
more strictly enforced and now probably all births are registered. In the 
past there was a certain amount of evasion of birth registration, whereas there 
was no evasion of death registration. This results in an apparently very high 
death rate for the first quinquennium of life, and makes it impossible to calculate 
an infant mortality rate with any reasonable degree of accuracy. I do not 
consider, however, that this evasion has ever exceeded 20 per cent, of all births 
in urban areas, and I think that 10 per cent, would be a more likely figure. 
Even if we accept the higher figure and assume that the death rate in the first 
5 years of life in 1931 was in the neighbourhood of 170 per 1,000 living, instead 
of the recorded rate of 200, we still have a rate eight or nine times that of England 
and Wales ; 49-8 per cent, of the deaths of males and 63-6 per cent, of the deaths 
of females in Hongkong in 1931 belonged to these first 5 years of life. 


The Seasonal Incidence of Deaths. 

Table V shows the monthly distribution of deaths in different inter censal 
periods. I have assumed a standard month of 31 days ; the average number of 


Table V. 

Percentage monthly distributions of Deaths in Hongkong, 1897-193G. 


Month. 1 

1 

1897-1900 1 

1901-1910 

1911-1920 

1921-1930 

1931-1936 

1897-1936 

J anuarj' j 

79o 

75*0 

88-1 

87-2 

86-3 

84-6 

February 

92-0 

77-4 

89-3 

91-3 

88-4 

87-6 

March 

92-4 

81-8 

88-6 

88-8 

93-1 

SS-3 

April 

110-7 

98-3 

96-8 

97-8 

101-1 

98-3 

May 

1401 

126-1 

114-6 

104-6 

110-3 

112-0 

June 

127-3 

136-4 

128-4 

108-1 

104-6 

116-4 

July 

108-7 

111-4 

113-5 

114-2 

107-8 

110-9 

August 

92-3 

110-3 

98-2 

108-3 

107-8 

104-5 

September 

91-0 

98-4 

100-3 

101-9 

101-7 

111-3 

October 

92-6 

101-7 

98-0 

99-9 

103-1 

99-5 

November 

96-6 

93-2 

95-1 

99-2 

96-8 

06-0 

December 

84-6 

88-0 

88 -6 

95-9 

99-3 

92*9 

iotal number 






of deaths 

16,837 

59,455 

93,360 

137,576 

113,037 

420,265 
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CHINESE DEATH RATE -IN HONGKONG. 


(5) In 1931, 49-8 per cent, of all male deaths and 63 ‘6 per cent, of all female 
deaths occurred in the first quinquennium of life. 

(6) A larger proportion of deaths occurs in the five months, May to 
September, than at other times of the year. 
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(5) In 1931, 49-8 per cent, of all male deaths and 63-6 per cent, of all female 
deaths occurred in the first quinquennium of life. 

(6) A larger proportion of deaths occurs in the five months, May to 
September, than at other times of the year. 
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COHRESPONDENCE. 


BEJEL. 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Sir, 

Dr. Richards’ interesting letter on bejel, which you published in the 
November issue, and a carbon copy of which Dr. Richards kindly addressed to me, 
raises several important points. Perhaps I may be permitted to reply to one or 
two where confusion may have arisen. 

As to the word ‘bejel,’ my advocacy of its use grew out of a realisation that 
this type of syphilis would never be clearly seen as a clinical entity until it had 
been properly labelled. 

It seemed to me that a clear distinction had to be made between venereally 
acquired syphilis and the acquired syphilis of childhood. As long as the word 
‘syphilis’ was used for both, even with qualifying adjectives, there would be 
confusion in medical thought. What I wanted was a term which would gather 
up in one word the whole intricate picture of non-venereal syphilis, all the 
qualifying and descriptive adjectives which had been applied to it — a single 
word which would evoke that specific concept in the mind of reader or listener. 
It was appropriate and inevitable that I should select as this label the word bejel 
which the Arab villagers themselves use to differentiate their childhood syphilis 
from the “ syphilis of the foreigner ” (franghi). None of my writings give ground 
for inference that bejel is being introduced as the name of a separate disease ; 
but in justifying my inclusion of the word bejel, in medical nomenclature, I 
might have made plainer that I was not using nomenclature in the technical 
taxonomic sense. I believe that bejel is caused by infection with T. pallidum, 
and is therefore a type of syphilis. 

Now if the word bejel is a label, it has no longer any geographical moorings 
and can be legitimately used in the sense of a label anywhere this type of syphilis 
is found ; and it can be used in medical thought and literature as a useful term 
to describe a certain clinical entity. I cannot, therefore, share any apprehension 
that it can be confused with the “ bagl ” of the Sudanese which, if it should 
appear in medical literature, would properly be referred to as gonorrhoea. 

Dr. Richards has laid us in his debt for the information he gives about the 
word bejel. The meaning of “ ulcers ” would seem more suitable to syphilitic 
than to gonorrhoeal conditions. 

As I have not met gonorrhoea among the semi-nomad Bedouin Arabs, I have 
not had occasion to learn whether they have a colloquial word of their own for 
gonorrhoea. I suspect not, and rather imagine they would give it the generic name 
for a “discharge,” 7nzl or nazool, or the word used for gonorrhoea in the town 
of Deir-ez-Zor and in the other parts of Syria and the Lebanon, namely, ta'aqibah, 

G» 
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CORRESPONDENCE. 


he says, it was the best that could be done in the circumstances — ^but it was done 
25 years ago. 

For the settlement of the question of microfilarial periodicity in this infection 
Dr. Manson-Bahr feels that two things are needed — many more detailed 
observations, and the discovery of a suitable experimental animal. As to the 
second, the well-known reluctance of parasitic helminths to lead fully normal 
lives in more than one host species, or at most in a few of them, may well mean 
that insistence on this second need will put off the settlement of this important 
practical point for long, perhaps for ever ; this cannot be Dr. Manson-Bahr’s 
wish. It becomes necessary, then, to concentrate on the need for many more 
detailed examinations, and it is reassuring to feel that here we are in complete 
agreement. What follows is an account of my own share in trying to get this 
done. Professor O’Connor has left me by Will his microscope slides, and if all 
those in his laboratory in New York at the time of his death were his to give, 
the number at my disposal will be great ; and his letters to me during the past 
7 years show that they concern many persons. I propose to set out a typical 
demonstration of these slides at this Society’s Laboratory Meeting next March, 
so that they may come under the observation of many. Further, I propose, so 
far as the material at my disposal goes, to distribute similar sets of these (perhaps 
a dozen sets in all, apart from those which will be needed for the United States) 
to workers and teaching centres concerned with tropical medicine in different 
countries. My reasonable mental reservation in parting with this valuable 
material (so making it available for more leisurely examination by others) is 
that it shall go where it will in my view be used with open mind to further the 
spread of knowledge for its own sake, and that it shall in this way furnish a 
deserved tribute to the memor}^ of the fine and indefatigable worker by whom 
they have been entrusted to me. Again, I have interested the heads of two 
Schools of Tropical Medicine Mthin the Empire and have thus, I am satisfied, 
insured that O’Connor’s great work shall be repeated. All this I had done 
before, in some cases months before, Dr. Manson-Bahr’s letter was written, in 
order to make it as certain as I may that many more detailed obser\’^ations shall 
be made on this matter. With the great opportunities open to him through his 
position at the London School of Hygiene and Tropical Medicine, no doubt 
Dr. Manson-Bahr has, necessarily on rather different lines, done as much as 
I have to insure that there shall be made that adequate and essential examination 
of what he regards as the cornerstone of tropical medicine. I again deprecate 
the mixing of helminthology and poetic imagery, but if his cornerstone simile 
is a good one, and the whole structure of tropical medicine accordingly imperilled 
by a doubt about the soundness of views on the cause of microfilarial periodicity 
Dr. Manson-Bahr will, of course, increase to the utmost such efforts as he may 
now be making to put this matter to the test. 

I am, etc., 

Clayton Lane. 


PRINTTD IN CRFAT BRITAIN BV H. B. CRUBB, LTD., CROYDON. 
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THE TREATMENT OF ACUTE FULMINATING CARDIAC 
BERIBERI (SHdSHIN). 

BY 

R. BRUNEL HAWES, M.B., F.R.C.P. 

Professor of Medicine, King Edward VII College of Medicine, Singapore. 


The knowledge of the vitamins and other food factors has advanced sa 
rapidly of recent years, and has opened up such enormous possibilities of treating 
and preventing diseased states, that it becomes of the utmost importance to- 
describe and define as accurately as possible the gross manifestations of pure 
deficiencies and the manner of their reaction to specific treatment before profit- 
able progress can be made with minor maladies. 

I must therefore first describe as closely as possible what I wish to speak 
about tonight. 

I intend to refer only to the acute fulminating d}dng beriberi or shoshin. 
The type of patient that comes for treatment desperately breathless, restless,, 
throwing himself about in bed, groaning with pain in the epigastrium, tries 
to sit up, tries to lie down flat, on his right side, then on his left side, finding 
no ease in any position, vomits, demands water, vomits again. Often pulseless 
with engorged veins, particularly in the neck, and within a few minutes to- 
6 hours falls back and dies, intensely dyspnoeic to the end. 

The heart is greatly enlarged, particularly to the right ; this enlargement 
of the right auricle and ventricle comes on very quickly and is easily demonstrable 
by percussion. 

The pulse rate rises to perhaps only 120 to 130, never so rapid as in many 
acute toxic conditions, the systolic pressure often remains normal and only 
drops in the very late stages ; the diastolic pressure, however, always drops- 
with the onset of severe symptoms, and in dying patients pressure frequently 
cannot be determined as pistol-shot sounds are audible in the uncompressed 
arteries. These sounds and the presence of capillary pulsation give some 
resemblance to aortic regurgitation although no other resemblance to this- 
condition is present. 

Just before death the s}'stolic pressure drops also, and the veins (except 
the veins in the neck) collapse, so that in some of our cases no record of blood 
pressure could be made of the collapsed pulseless patient. 

I am speaking then, not about the mild case or severe case or the nervous 
case, but about the dying case. 

In 1928 Professor Jansen sent me ten phials of the crystals of vitamin Bi 
that he had isolated and made up for injection. I tried these on dying patients, 
with dramatic results, the same patients in a few hours showing a complete 
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VITAMIN Bi- 



Notes on Tables . — Though as yet there is no final agreement on exact relationship, approximately : 

1 mg. Bi crystal = 250 — 300 international units (i.u.) «=* 150 pigeon units (p.u.) 

B =» Betaxin; R = Roche ; S.B. = Synthetic Betaxin; J «= Java; G =* Genceskundig Laboratorium. 







^»500 i.u. 


^»500 j,u 

1,000 i.u.' 

■^,000 i.u^ 

^,500 i.u, 
^,500 i.u, 
^»500 i.u. 

^,000 p.u. 


130/- 2jq 
IIS/- 232 


110/- 220 
105/- 220 
110/- 220 
I 130/- QQ 
120/- 224 
35/- sg 
90/20 I2S I 


130/- 20S 
30/- 220 


3,000 i.u. 


^ 10 /- 224 
90/- 224 
105/- 222 
I 13G/4S so 
110 /- 22 *^ 
^10/40 200 I 
*’ 9/20 220 
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VITAMIN Bj. 

until after 3 hours ; 1 day after injection arterial wall hard and rigid as in hypertension — 
remained so for 5 days. On discharge 8 days later, reflexes still absent, steady gait, able to 
rise from squat. 

Roche. . 

R.6. Considerable improvement in 4 hours ; B.P. maintained for 2 weeks. Patient 
abseonded after 16 days when he was able to walk fairly well. No reflexes. Complication : 

malaria. ... 

R.7. Suddenly became dyspnoeic ; improved in 4 hours after injection ; blood 

pressure still maintained. 

R.14. Early case improved rapidly. Complication : malaria. 

R.19. Not a severe case, oedematous but not very dyspnoeic. Improvement in blood 
pressure 1 hour after treatment. Patient comfortable, reflexes absent but walked steadily. 
R.20. Severe case, improved as usual. Blood pressure maintained. 

R. 23 Old case of cardiac beriberi and malaria (B.T.), treated with one dose of betaxin 
7 months ago with good results. Very severe this time, pulse imperceptible, dyspnoeic. 
Partial improvement with Roche first injection, 4^ hours later restless again ; steady 
improvement after second injection ; but urine scanty and general anasarca, vomiting. 
Blood urea 154 mg. X 100 c.c. rose to 227 mg. in 1 1 days, then fell to 26 mg. in 1 month. 
Urine : albumin +, casts +, diuresis after calcium chloride on the 11th day. Oedema 
subsided, blood pressure maintained 1 month after. On discharge, urine ; albumin casts 
nil ; blood urea normal. 

Synthetic Betaxin. 

S. B.5. Severe case, improvement in general condition in 3 hours, but blood pressure 
and pulse rate did not improve till next day. 

Hyperpiesia. 

.4. most interesting reaction can be seen here ; it is one that occurs in many patients 
but not all. 

After injection of the vitamin the diastolic pressure continues to rise until within 
24 hours it is often well over 100 mm. of Hg (R.19, 120) with a corresponding rise in the 
systolic. At the same time the arteries can be felt gradually from hour to hour becoming 
more rigid and harder until they feel exactly like the peripheral arteries of essential 
hypertension. , 

The heart shows no reaction and does not appear to labour, there is no heaving apex 
beat nor increased first sound. The rise appears to be solely due to hypertonus of the 
musculature of the arteries. 

This lasts, maybe a week or more, when the diastolic pressure falls to normal limits. 


Table III. 

INFLUENCE OF Br ON BLOOD PRESSURE. 



Before. 

Dosage. 

1 hour. 

3 hours. 24 hours. 48 hours, 72 hours. 


Normal case 

118/78 

1,500 i.u. 

11S/7C 

118/74 

114/75 

120/78 

llS/78 

No ill effect. 

Aortic incompetence 

135/40 

1,000 i.u. 

130/40 

132/40 

135/40 

138/40 

138/44 

No effect. 

Thyrotoxic goitre 

128/64 

1,500 i.u. 

130/04 

134/04 

120/GS 


114/72 


H>*pcrtension with 
cardiac beriberi 

200/112 

1,500 i.u. 


205/115 

210/122 

210/118 

Great improvement. 
No inHuence on 

Chronic interstitial 
nephritis with car- 
diac beriberi 








B.P. 

200/130 

1,000 i.u. 



1SC/12S 

210/120 

212/120 

Great improvement. 
No influence on 
B.P. 
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The swelling that is typical is a colloid interstitial swelling and does not cause a pitting 
oedema, this subcutaneous oedema is secondary and is not present in all cases. 

The interstitial swelling occurs in muscle and gland tissues throughout the body, 
probably in nervous tissue as well, but the great increase in the pressure in the cerebro- 
spinal fluid may be due to the enormous venous congestion. 

This interstitial swelling gives the appearance of enlarged muscles all over the body, 
particularly noticeable in the leg muscles and the rounded facial appearance due to the 
swelling of the parotids, while other glands are similarly affected. 

In some patients, as shown in Table I, practically no diuresis occurs, in others, in which 
the kidney has been thrown out of action and subcutaneous oedema is present, diuresis 
occurs on the second day or later, in other words, well after the patient has made a clinical 
recovery from his cardiac attacks. 

J.IO. Diuresis occurred on the second day. 

S.B.l. Died. 

S.B.5. Diuresis on the second and third days. 

R.20. Diuresis on the third day, long after he had apparently recovered. 

R.23. Not until the eleventh day. 

In oedematous patients where a diuresis cannot be established, death occurs with all 
the signs of a pseudo-uraemia. 


Table V. 

CHANGES IN BLOOD UHEA AFTER Bj. 


Case 

No. 

Duration 

of 

Dyspnoea. 

Dosage. 

Blood 

urea. 

Fluid. 

1 

1 

Before. 

2 days 
after. 


H 

2nd 

day 

3rd 

day 

4th 

day 

5th 

day 

1 6th 
day 

7th 

day 

S.B. 



Mg. % 

Mg. % 


Oz. 

Oz. 

Oz. 

Oz. 

Oz. 

Oz. 

Oz. 

S.B.2 


1,600 p.u. 

87 

35 

Intake 

16 

31 

32 

28 

28 

26 

23 






Output 

8L. 

184 

304 

60 

51 

48 

404 

B. 













B.5 


800 p.u. 

71 

35 









B.9 


800 p.u. 

80 

42 

Intake 

37 

24 

30 

23 

34 

52 

38 






' Output 

19 

25 

194 

314 

22 

524 

65 

J. 













J.IO 

4-5 daj's 

1,500 i.u. 

75 

45 

Intake 

13 

70 

49 

49 

65 

51 

35 






Output 

7 

127 

69 

64 

74 

1044 

82 

J.n 


1,500 i.u. 

61 

115 

Intake 

8 

23 

'28 

30 

48 

48 

28 






Output 

19 

22 

124 

12 

13 



R. 













R.9 

4 

1,000 i.u. 

84 

22 

Intake 

31 

23 

34 










Output 

39 

85 

124 





R.7 

1 

1,000 i.u. 

156 

37 

Intake 

52 

50 

64 

54 

40 








Output 

33 

45 

50 

26 

27 



R.16 

7 „ 

1,000 i.u. 

133 

42 

Intake 

64 

55 

29 

' 38 

41 

38 

42 






Output 

374 

46 

48 

49 

32 

56 

44 







-0, "’™‘ « ^00, „,„, , 

■— »«P.,.e 


Jav, 


; ^ Wien R p 

'"’'’XS '"’»™-o„,„. ,„ 

'•%«s¥2“5" 


?"=' fc bLV''“ « increased ,, "“"'J' urine 

R.]6. ^‘'^ond day ° "°nmal for 9 f^^er/ng also f ’ ^ 

nis rne.^ - •'■ “ iveeJ.'s nj^u'^ , n from hi^:it 

;,:7 ''•“"”S;s3! 

)t: _ ®0esses nrvdJ - 


3nd tile bJo the 

ftneri™ o°“i "« di^,;” "-cc a severe ^ 

o fr-ie. TV day "onmal for 9 also f 

— wrerore 7''»“ W. '”'■“■ 

■~j — ^-i-!l!l!!lf“■««^•raT,„^.. 

^ i ^ I I I 


to 

'""^aiiy died 




482 


VITAMIN B 


1 * 

I put these figures up as it is frequently stated that a Bj deficiency leads to anaemia 
and it was noticed that these patients had on the 'average as high red cell counts as the 
average among other patients in the wards. You will see that the red cell count does not 
fall much on the onset of diuresis. The sedimentation rate was generally lower than 
normal. 

The explanation was suggested that it was due solely to abstraction of fluid from the 
blood stream ; these figures, however, do not confirm this, but more accurate measurements 
of blood volume are required. However, they are enough to show the gross error of that 
common diagnosis of anaemia due to deficiency of B complex. If the expression is used 
at all it might be (B complex — Bj), which would be slightly less vague. 


Conclusion. 

The main facts that emerge from a study of a pure vitamin Bj deficiency are : — 

1. The reaction is quantitative, the vitamin is non-toxic. 

2. The effect of one dose is lasting. 

3. It must be given by injection to have any rapid effect. 

4. The diagnosis of a pure Bi deficiency can be confirmed by an injection 
of an adequate amount of the vitamin and the response to treatment is very 
rapid. In England this may be important in children in whom I suppose the 
pure deficiency is most likely to occur. 

My thanks are due to the successive directors of the Geneeskundig Labora- 
torium, Batavia-Centrum, Drs. Jansen, Donath, Brug, van Veen and Mertens 
who have so willingly prepared carefully standardized extracts for my use, to 
Bayer’s who have given supplies of their synthetic products and to my assistants 
Dr. C. E. Smith and Dr. E. S. Monteiro who at all hours have been ready to 
treat these urgent cases and make careful observations. 
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I put these figures up as it is frequently stated that a Bj deficiency leads to anaemia 
and it was noticed that these patients had on the ‘average as high red cell counts as the 
average among other patients in the wards. You will see that the red cell count does not 
fall much on the onset of diuresis. The sedimentation rate was generally lower than 
normal. 

The explanation was suggested that it was due solely to abstraction of fluid from the 
blood stream ; these figures, however, do not confirm this, but more accurate measurements 
of blood volume are required. However, they are enough to show the gross error of that 
common diagnosis of anaemia due to deficiency of B complex. If the expression is used 
at all it might be (B complex -Bj), which would be slightly less vague. 


Conclusion. 

The main facts that emerge from a study of a pure vitamin deficiency are : — 

1. The reaction is quantitative, the vitamin is non-toxic. 

2. The effect of one dose is lasting. 

3. It must be given by injection to have any rapid effect. 

4. The diagnosis of a pure deficiency can be confirmed by an injection 
of an adequate amount of the vitamin and the response to treatment is very 
rapid. In England this may be important in children in whom I suppose the 
pure deficiency is most likely to occur. 

My thanks are due to the successive directors of the Geneeskundig Labora- 
torium, Batavia-Centrum, Drs. Jansen, Donath, Brug, van Veen and Mertens 
who have so willingly prepared carefully standardized extracts for my use, to 
Bayer’s who have given supplies of their synthetic products and to my assistants 
Dr. C. E. Smith and Dr. E. S. Monteiro who at all hours have been ready to 
treat these urgent cases and make careful observations. 
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rapidly. It will be realized that symptoms of vitamin deficiency are mixed 
up with those of general inanition, but it is possible now to separate the two. The 
problem has been to find out which symptoms are primary, so that we may be 
able to view the question in proper perspective. 

Some experimental facts established recently in the O.xford Department of 
Biochemistry about vitamin Bj seem to be of so much interest that they should 
be widely known by those whose work brings them into contact with beriberi 
or vitamin deficiency. Briefly, it is now clear that vitamin Bj is intimateW 
concerned with the degradation by oxidation or otherwise of the substance 
pyruvic acid. The experimental work provides a proof from another angle that 
this acid is an important intermediary of carbohydrate metabolism ; this possi- 
bility had been suspected from other indirect evidence based upon experiments 
performed elsewhere with tissues in vitro under rather artificial conditions of 
hydrogen ion concentration and by the use of tissue poisons. In absence of the 
vitamin there is an accumulation of pyruvic acid owing to the stoppage of 
metabolism at this stage. This induces a biochemical lesion in some tissue cells, 
and therefore their activity is inhibited. These facts are clear : they provide 
probably an explanation of some of the other more obscure symptoms found in 
the vitamin Bj deficient animal. 


Historical. 


It has long been suggested that vitamin Bj was concerned with carbo- 
hydrate metabolism. We may trace this idea at least from 1912 onwards, 
especially in the writings of Funk (1914, 1922) and of Braddon and Cooper 
(1914), and later in that of the French worker Randoin (1923). The evidence 
supporting this view was at best indirect ; large amounts of food were shown to 
cause the appearance of avitaminous symptoms more quickly, but this is generally 
summed up in the statement that finally found expression in Cowgill’s formula : 

Vitamin B, , . , 

Calorics 

A close examination of the earlier work, which purported to support the 
idea that there are changes in intermediary carbohydrate metabolism in 


vitamin Bi deficiency carried no conviction e.xcept in two respects, vis., 
the finding that blood lactic acid was raised (first noticed by Collazo and 
Morelli, 1925) and that there was decreased tolerance to sugar in the terminal 
stages. Even the increased blood lactic acid was not found to be a constant 
phenomenon. Similarly, the view that changes in tissue oxidation were present 
and responsible for the symptoms received no universal support ; the evidence 
for this is to be traced back to Dutcher (1918) and Findlay (1921), and it was 
energetically investigated by Abderhalden and Wertheimer (1920) and Hess 
(1921). The work however carried no real conviction, and it is now clear that 
several statements were not correct. Also there was not complete control of 
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the question of inanition, as Drummond and his colleagues originally showed 
in 1926/1927. An especially exhaustive account of experiments upon tissue 
oxidation was published by Rydin (1935) ; here he showed that the claim 
could not be substantiated that there was any change in tissue oxidation, 
as investigated by dyes such as methylene blue. The more recent work has 
succeeded because of the realization that the brain tissue held the key to this 
problem. 

It had been noticed by Hess in 1921 that pigeons suffering from cyanide 
poisoning tended to have symptoms similar to those of the so-called polyneuritic* 
or beriberi pigeon. I found in 1927 that an overdose of insulin in pigeons also 



Opisthotonus symptoms in pigeon produced by insulin. 


induced a similar condition, a picture of this I reproduce here. (It may be 
noticed incidentally that birds tolerate enormous doses of insulin.) This led 
Mr. Kinnersley and myself (Kinnersley and Peters, 1929, 1930) to investigate 
the intermediary carbohydrate metabolism in these brains. Brain tissue in vitro 
is known, as do other cells, to induce a rapid glycolysis, i.e. the degradation of 

glucose > lactic acid (CHg.CHOHCOOH). We found this effect to be 

unaltered in the brain brei from the avitaminous animal. On the other hand, 
there was abnormality in lactic acid metabolism. The brain tissue from pigeons 

K- * I consider this term a bad one, now that there is so much evidence that the symptoms 
are central in origin. 
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suffering from opisthotonus was found to contain larger amounts of lactic acid 
than the normal. We found, as McGiNTY and Gesell (1925) had done, that it 
was necessary to work very quickly to show any of these effects. Brains had to 
be removed with the guillotine, and plunged rapidly into liquid air. The upshot 
was to confirm the idea that the seat of the trouble lay in the brain, and to suggest 
to us that the first phases were to be found in the lower parts of the brain. 
Curiously enough we have never been able to convict the cerebellum of 
abnormality ! 

The next step was to investigate again, as others had done, the oxygen 
uptake in suitable apparatus in vitro in buffered Ringer’s solutions ; but we 
made the change that after mashing the brain tissue, the samples were suspended 
in Ringer-phosphate (pH 7-3) with additions of lactic acid or glucose. Without 
the latter substances, Dr. Gavrilescu and I could find nothing certainly 
abnormal in the uptake (G.A'i'RiLESCU and Peters, 1931) ; but when these were 
added, there was noticeable a definitely smaller respiration than the normal. 
Further, the most interesting point of all was that vitamin Bi itself in very small 
amount O-OOl mg./3 c.c. restored the respiration of the brain mash almost 


Cerebrum. Optic lobes/res" 

(1) (2) (3) (1) (2) (3) 



Fig. 1. — Oxygen uptake mmVg/hr. in presence of 0-037 M lactate, for (1) normal. 
(2) avitaminous and (3) a^^taminous brain with addition of vitamin Bj concentrates. Pigeon, 
FiomProc.R. Soc. {1932). Ser. B, 110, 439. 

to normal again. Diagram 1 is reproduced from a paper by Gavrilescu, 
Meiklejohn, Passmore and Peters (1932). It shows very clearly that the brain of 
the pigeon deficient in vitamin B^ has an abnormal lesion in the enzyme sj’^stems 
concerned with oxidation. Further work by Meiklejohn (1933) indicated that 
the oxidation effects were not directly upon either glucose or lactic acid because. 
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suffering from opisthotonus was found to contain larger amounts of lactic acid 
than the normal. We found, as McGinty and Gesell (1925) had done, that it 
was neeessary to work very quicldy to show any of these effects. Brains had to 
be removed with the guillotine, and plunged rapidly into liquid air. The upshot 
was to eonfirm the idea that the seat of the trouble lay in the brain, and to suggest 
to us that the first phases wei'e to be found in the lower parts of the brain. 
Curiously enough we have never been able to convict the cerebellum of 
abnormality ! 

The next step was to investigate again, as others had done, the oxygen 
uptake in suitable apparatus in vitro in buffered Ringer’s solutions ; but we 
made the change that after mashing the brain tissue, the samples were suspended 
in Ringer-phosphate (pH 7-3) with additions of lactic acid or glucose. Without 
the latter substances. Dr. Gavrilescu and I could find nothing certainly 
abnormal in the uptake (G.wrilescu and Peters, 1931) ; but when these were 
added, there was noticeable a definitely smaller respiration than the normal. 
Further, the most interesting point of all was that vitamin itself in very small 
amount 0-001 mg./3 c.c. restored the respiration of the brain mash almost 


Cerebrum. Optie lobes/res" 

(1) (2) (3) (1) (2) (3) 



Fig. 1.— Oxygen uptake mm’/g/hr. in presence of 0-037 M lactate, for (1) normal. 
(2) avitaminous and (3) avitaminous brain with addition of \dtamin Bj concentrates. Pigeon, 
FromProc. R. Soc. (1932). Scr. B, 110, 439. 

to normal again. Diagram 1 is reproduced from a paper by GAtTiiLESCU, 
Meiklejohn, Passmore and Peters (1932). It shows very clearly that tlie brain of 
the pigeon deficient in vitamin Bj has an abnormal lesion in tlie enzjTOe systems 
concerned with oxidation. Further work by IHeiklejohn (1933) indicated that 
the oxidation effects were not directly upon either glucose or lactic acid because, 
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Hence there was now proof that the appearance and disappearance of the 
organic substance pyruvic acid was regulated by the amount of vitamin present. 
I have purposely left out one essential part of the proof until the present time 
for clarity. It might be said that tlzerc was a general failure of tissue oxidation 
in the avitaminous brain rather than a specific one. That this is not so was 
first shown clearly by the use of succinate (COOH.CHo-CHo-COOH). This is 
a four-carbon atom compound present in muscle and other tissues which is 
actively metabolized by tissue in vitro ; but its oxidation is quite normal even 
in the abnormal brain, and there is no influence of vitamin upon it. So it is 
with many other possible substances tried. We may now embody this and 
certain other results in the following diagrams. Fig. 2 is adapted from Keilin 
and Warburg ; it shows the place of this oxidation in the scheme of tissue 
respiration by which oxygen is activated by the Warburg-Keilin oxidation 
system to be handed on to the hydrogen activated by the dehydrogenases. 
There is indicated specifically in black type wliat happens with lactic and pyruvic 
acid in relation to the point of action of the vitamin. 


Figure 2. 

SCHEME OF TISSUE OXIDATION. 

(Wieland-Thunberg 


(Warburg-Keilin 
(o.xidation system) 


Oxygen > oxidase > cytochrome 
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Cyanide 

stops 


dehydrogenase system) 
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succinodchydrogenase/ 



Glucose > Lactate > Lactate dehydrogenase 
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I 

V 

pyruvate 


Vitamin Bj 


-> 


4-40 


I 

V . 

Oxidation 

products 

Cl j j f T- , COi, HoO, etc. 

Scherne adapted from Keilin with modern additions from work of Green and colleagues 
(at Cambridge). Hydrogen is mobilized by the specific dehydrogenase systems Eatelv 
to reduce oxidized cytochrome. Transfer of H at A is Ultimately 

pyruvate is first formed from glucose and then reduced to lactate ’ that 
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Hence there was now proof that the appearance and disappearance of the 
organic substance pyruvic acid was regulated by the amount of vitamin present. 
I have purposely left out one essential part of the proof until the present time 
for clarity. It might be said that there was a general failure of tissue, oxidation 
in the avitaminous brain rather than a specific one. That this is not so was 
first shown clearly by the use of succinate (COOH.CHa.CHo.COOH). This is 
a four-carbon atom compound present in muscle and other tissues which is 
actively metabolized by tissue in vitro ; but its oxidation is quite normal even 
in the abnormal brain, and there is no influence of vitamin upon it. So it is 
with many other possible substances tried. We may now embody this and 
certain other results in the following diagrams. Fig. 2 is adapted from Keilin 
and Warburg ; it shows the place of this oxidation in the scheme of tissue 
respiration by which oxygen is activated by the Warburg-Keilin oxidation 
system to be handed on to the hydrogen activated by the dehydrogenases. 
There is indicated specifically in black type what happens with lactic and pyruvic 
acid in relation to the point of action of the vitamin. 
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(Wieland-Thunberg 


(Warburg-Keilin 
(oxidation system) 


Oxygen > oxidase > cytochrome 


V. 

Cyanide 

stops 


dehydrogenase system) 

Succinate Fumarate 



/ 


succinodehydrogenase/ 


Glucose — 
(Glycogen) 


-> Lactate 


-> Lactate dehydrogenase 
I + 0 


I 

V 

Pyruvate 


Vitamin Bj 


-> 


-f-40 


V . 

Oxidation 

products 

Q , , , , CO2, H2O, etc. 

Keilin with modem additions from work of Green and colleainies 

pymv.,e i. Sr.t fomed from glucose and "hfu red” rf ,o S ' " 



Q A. PETERS. 

3P-;fc ,0 3„,^. 

o.*r ' 


^/f®, 

i/OTotite'2- 


IcCKMy 


fJJ 


Optic Lobcs/JHest. 


fi) 


(1) 


^2, 


Fig. 2.—] j,.-. . —Xjn / 

black rectangles of s\-nw^ ' 

B. (a„d ,h- ■ " 

important I, ■„! , obsen^ed in thp present 'ru- ' 

jf^or chichf^r, u • so clear Tu ^ ^^^RMan and Frvct y S^'^ing 

genera . <'^^5; for 4e rat brain. tS LtT 

We now come to th» ■ ' 'Berefore f„ i,^ 

/ in the bJood by a 



490 


VITAMIN Bj. 

research which had its origin in “ in vitro ” experiments of an academic type 
upon brain enzyme systems — an interesting instance of how research works 
out. It should be noted that it is a mistake to think that the pyruvic acid itself 
is responsible for the symptoms. It is only a reflection of tissue abnormality ; 
De Jong (1936), in Holland, with a beautiful microtechnique found cases in 
pigeons in which the opisthotonus did not run parallel with the change in the 
blood B.B.S. value. Further, there is no evidence that injections of pyruvic 
acid are toxic. The symptoms are due to dysfunction of certain cells in the 
brain due to the failure of oxidation at the pyruvic acid stage. 

The brain lesion has been further followed by McGowan (1937) in the attempt to 
investigate the oxidation of the pyruvic acid. This question is somewhat outside the scope 
of this article ; quantitative work shows that 3/5 to 4/5 of the pyruvic acid is completely 
oxidized. The fate of the remainder is unknown. It is not believed to pass through succinic 
acid, though this has been proved to be an intermediary in anaerobic brain metabolism 
(Weil-Malherbe, 1937). Attempts have been made also to trace the exact way in which 
vitamin Bi exerts its effect upon pyruvic acid. Here a very recent discovery by Lohmann 
and Schuster (1937a, b) is of outstanding importance and interest. It means no less than 
that a vitamin Bi compound is an important catalyst, viz. (co-carboxylase), in the formation 
of alcohol by yeast, and so in alcoholic fermentation ; the compound is a vitamin Bi- 
pyrophosphoric ester. The reaction catalysed by the carboxylase enzyme is CHj.CO.COOH 

> CH3CHO + COi, the aldehyde being subsequently converted to alcohol. In 

the microorganism there is therefore also evidence that vitamin Bi is concerned with pyruvic 
acid. Whether the vitamin Bi pyrophosphate is present in brain tissue has yet to be proved 
The in vitro effect is better exerted by vitamin Bj itself, in our experiments. 


Explaining the symptoms as due to an enzyme fault (failure in pyruvate 
oxidase) we are still left with certain other abnormalities, namely (1) the initial 
failure in appetite, which occurs long before any other avitaminous manifestations. 
This has been much studied by Cowgill and colleagues. (2) There is also the 
increase in blood lactic acid and the change in the sugar tolerance in the terminal 
stages of deficiency together with possible disturbances in the regulation of 
glycogen stored in the liver. (3) Also bradycardia* (Drury, Harris and 
Maudsley, 1930) and (4) Tendency to oedema. No. 2 can be brought into 
line by the following hypothesis ; the lactic acid accumulates (see Fig. 2) 
because there is a block in the further oxidation of lactic acid by pyruvate. This 
is known to happen in isolated enzyme systems from the work of Green and 
Brosteaux (1936). The changes in sugar tolerance, etc., may well be due to 
the fault in brain cells, caused by the enzyme failure. It is not unreasonable to 
suppose that there is interference with the central regulation of sugar metabolism ; 
on this view the initial enzyme fault in intermediary carbohydrate metabolism 
induces a secondary change in carbohydrate regulation. To the fault in the brain 
may also be ascribed certain secondary changes such as interference with tem- 
perature regulation. No. 4, the tendency to oedema, can be explained along 


* Not to be confused with the dietary heart block of pigeons (Carter and Drury) 
which IS not due to lack of vitamin Bi, but some other factor. 
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BIOCHEMICAL CHANGES, ESPECIALLY OF PYRUVIC ACID, IN- 
RELATION TO SOME CLINICAL FEATURES OF BERIBERI. 

BY 

B. S. PLATT, M.B., Ph.D. 

Associate in Medicine, Heiary Lester Institute of IMedical Research, Shanghai. 


Recent investigations have led to considerable advances in our knowledge 
of diseases due to the deficiency in the body of essential food factors. A good 
illustration is afforded by the progress made in the study of Htamin in its 
relationship to beriberi. 

In common with other deficiency states, developments have followed 
rapidly on the identification and preparation of the pure vitamin. The effects 
of pure vitamin on tissues have novr been investigated and, by appropriate 
biochemical methods, well-defined changes have been discovered in tissues from 
experimental animals deprived of the Htamin. 
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It IS e^dent from the results of Pbters and his co-workers (Peters and 
Sinclair 1933; Peters and Thompson, 1934, and Thompson and Johnson, 
1930), that pyruvic acid is of importance in relation to the metabolic processes 

mi2T'" probable that information 
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acid values and total B.B.S. fall to normal levels in such cases of beriberi when 
adequate amounts of vitamin Bj are administered. 

Table. 


Investigators. 

Countrj-. 

Results. 

JOH.NSOK, et al. (1935) 

England 

2‘2 subjects. Range 1-9G-4-0 mg. per 100 gm. 
blood. Average il-Sl. 

PL-'ITT and Lu (1930) 

China 

23 subjects. Range 2-22-4 -82 mg. per 100 gm. 
blood. Alean 3-27, standard deviation 0-70. 

Wilkins, et al. (1937) 

U.S..A.. 

1 

30 subjects. Range 3-6G-5-7o mg. per 100 ml. 
Average 4-74. 

Wilson and Ghosh (1937) 

India 

1 

6 subjects. Range 2-9-3-77 mg. per cent. 
Average 3-38. 


These observations in man differ from those recorded in experimental 
vitamin Bi deficiency in animals. For it has been shown (Thompson and 
Johnson, 1935) that the additional B.B.S. accumulated in the blood of the rat 
and pigeon in vitamin Bj deficiency are almost wholly accounted for by increase 
in pyruvic acid as determined by the hydrazone method. 

Attention may be directed to the observation that the pyruvic acid level 
may be raised, whilst the B.B.SS. are within the normal range. This is now 
known to be true of some of the patients whose B.B.S. values have been recorded 
as normal (Platt and Lu, 1936, Table III) whilst the pyruvic acid values range 
from 0-41 to T27 mg. per cent. These results may be taken as further evidence 
in support of the suggestion previously made (Platt and Lu, 1936) that pyruvic 
acid should be sought for in all cases of vitamin B^ deficiency. 

In view of the observations of Pi Suner and FarrAn (1936) that pyruvic 
acid occurs in the urine of compensated diabetic patients, it may be that increased 
amounts of pyruvic acid in body fluids are not necessarily always associated with 
vitamin Bj deficiency. This is a matter for further investigation. It would, 
however, not be surprising to find abnormal amounts of pyruvic acid in the 
body in conditions in which disturbances of intermediate carbohydrate meta- 
bolism are involved. 

The values for pyruvic acid determined by the hydrazone method for blood 
obtained from apparently healthy subjects or from patients who have received 
adequate doses of vitamin Bi were usually between 0-4 and 0-6 mg. per 100 
grammes. About half these amounts of pyruvic acid were present in cerebro- 
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It is evident from the results of Peters and his co-tvorkers (Peters and 
Sinclair, 1933 ; Peters and Thompson, 1934, and Thompson and Johnson, 
1935), that pyruvic acid is of importance in relation to the metabolic processes 
in vitamin deficiency states. It therefore appeared probable that information 
might be obtained from an investigation of the changes in pyruvic acid in the 
body fluids of patients suffering from beriberi. Blood, cerebrospinal fluid and 
urine have now been examined for the occurrence of pyruvic acid. 

Since quantities of blood and cerebrospinal fluid were being withdrawn as 
a therapeutic measure, it was possible to isolate and identify pyruvic acid as 
the 2 : 4 dinitro-phenylhydrazone from both these fluids as well as from urine 
(Platt and Lu, 1935 and 1936). It is of interest to note that occurrence of 
pyruvic acid in the blood of vitamin Bj deficient animals was established by 
similar methods at about the same time by Johnson (1935). 

For the detection and estimation of pyruvic acid in smaller amounts of 
body fluids, three methods have been employed. The first was a method 
based on the extraction of the 2 : 4 dinitro-phenylhydrazone. This method 
appeared to be sufficiently precise and specific for pyruvic acid so that it has been 
employed extensively and is the method by which most of the results reported 
in this communication were obtained. The second method depends on the 
property which pyruvic acid possesses in common with other carbonyl com- 
pounds of binding bisulphite. The total bisulphite binding substances (B.B.S.) 
however are expressed in terms of pyruvic acid (mg. per 100 gramme of fluid). 
A third test, the nitroprusside reaction, is believed to be specific for pyruvic 
acid but cannot be used for accurate quantitative determinations. It is, however, 
of value where facilities do not exist for applying the hydrazone method. 

The results of estimations of total B.B.S. are of interest (Editorial, Lancet 
1938) and may be presented at this point. Various figures have been reported 
for the amounts in the blood of apparently normal subjects ; a summary of the 
results is given in the table on page 495. 

The differences between these figures are probably accounted for by the 
condition of the subjects when blood was taken for examination. 

Three or four times these amounts of B.B.S. were reported by Platt and 
Lu (1935) in cases of fulminating beriberi, the values ranging from 7 to 16 mg. 
per cent. (Platt and Lu, 1936). Wilson and Ghosh (1937) found a mean 
value in epidemic dropsy of 8-33 mg. per cent, for blood. 

It must, however, be recognized that elevation of B.B.S. may occur in 
conditions other than vitamin Bj deficiency. Wilkins et al. (1937) have observed 
increases in conditions associated with acidosis, ketosis, anoxaemia, “ toxaemia ” 
and uraemia. 

Furthermore, even in beriberi, usually not more than about half of t 
increase in B.B.S. was accounted for by increase of pyruvic acicLf” . ^this a 
estimated by the hydrazone method (Platt and Lu, 1936). ^ yr 
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acid values and total B.B.S. fall to normal levels in such cases of beriberi when 
adequate amounts of vitamin Bj are administered. 

Table. 


Investigators. | 

Country*. 

Results. 

Johnson, et al. (1935) 1 

England 

-- subjects. Range l'9G-4-0 me. per 100 gm. 
blood. Average 2'Sl. 

Platt and Lu (1936) 

China 

23 subjects. Range 2 -22-4 -82 mg. per 100 gm. 
blood. IVlean 3-27, standard deviation 0-70. 

Wilkins, et al. (1937) 

U.S.A. 

30 subjects. Range 3-60-5-75 mg. per 100 ml. 
Average 4-74. 

Wilson and Ghosh (1937) ! 

1 

I 

India 

6 subjects. Range 2 -9-3 -77 mg. per cent. 
.Average 3 -38. 


These obser\'ations in man differ from those recorded in experimental 
\-itamin Bi deficiency in animals. For it has been shot\m (Thompson and 
Johnson, 1935) that the additional B.B.S. accumulated in the blood of the rat 
and pigeon in vitamin B^ deficiency are almost wholly accounted for by increase 
in pyruvic acid as determined by the hydrazone method. 

Attention may be directed to the observation that the pyruvic acid level 
may be raised, whilst the B.B.SS. are within the normal range. This is now 
known to be true of some of the patients whose B.B.S. values have been recorded 
as normal (Pl.'VTT and Lu, 1936, Table III) whilst the pyruvic acid values range 
from 0-41 to T27 mg. per cent. These results may be taken as further evidence 
in support of the suggestion previously made (Platt and Lu, 1936) that pyruvic 
acid should be sought for in all cases of vitamin B^ deficiency. 

In view of the obser\"ations of Pi Suner and Farran (1936) that pyruvic 
acid occurs in the urine of compensated diabetic patients, it may be that increased 
amounts of pyruwc acid in body fluids are not necessarily always associated with 
vitamin Bi deficiency. This is a matter for further investigation. It would, 
however, not be surprising to find abnormal amounts of pyruvic acid in the 
body in conditions in which disturbances of intermediate carbohydrate meta- 
bolism are involved. 

The values for pyruvic acid determined by the hydrazone method for blood 
obtained from apparently healthy Subjects or from patients who have received 
adequate doses of vitamin Bi were usually between 0-4 and 0-6 mg. per 100 
grammes. About half these amoimts of pyruvic acid were present in cerebro- 
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Spinal fluid from similar subjects. It is important as will be seen later to draw 
the blood from the subject under basal conditions. 

The results of Johnson et al. (1935) indicated that normal blood contained 
less than 1-64 mg. per cent. Later, Johnson and Edwards (1937) reported 
values of 0-1 to 0T8 mm. per litre for blood {i.e. 0-66 to 1-49 mg. per cent.). 

The blood of the fulminating type of beriberi contained more than 1 mg. 
per cent, and values as high as 6 and 7 mg. per cent, have been recorded. The 
values for pyruvic acid in the blood of a series of usually fatal cases of this acute 
form of vitamin Bj deficiency have been published {Annual Report, 1936). Of 
twenty-one cases, seven individuals had values between 1 and 2 mg. per cent., 
and the values of the remaining fourteen ranged from 2 to 4-5 mg. per cent. 
Seventeen of these patients were cured with a single dose of pure vitamin given 
intravenously. Four died within a short time after administration of a similar 
dose ; three of the four fatal cases had pyruvic acid values over 2 mg. per cent. 

The amount of vitamin found to be effective in the cure of the fulminating 
cases was 5 mg. The injection was always given intravenously as a solution 
made up from the crystalline substance in acid-alcohol. Products from natural 
and synthetic sources appeared to be equally effective. 

When no complicating factors were present, the pyruvic acid in the blood 
fell steadily to the normal level in the course of 10 to 15 hours, after a dose of 
vitamin Bj. The patients who did not respond to treatment died before normal 
levels had been attained. 

A number of patients who had some febrile disease associated with evidences 
of vitamin Bj deficiency also failed to respond to treatment with vitamin Bj. 
These individuals usually died within a few hours after treatment. Generally, 
the accumulation of pyruvic acid in the blood was not so marked in these as in 
the cases uncomplicated by other disease. However, if a remission of the fever 
occurred, the prominent symptoms of vitamin Bi deficiency could be relieved 
by injection of vitamin Bj and the pyruvic acid level was found to return to 
normal. With recurrence of fever a marked rise of pyruvic acid occurred and 
some of the more acute symptoms of vitamin B^ deficiency also developed again. 

If the blood pyruvic acid levels of a “ cured ” case of fulminating beriberi 
were determined daily after treatment with a single dose of 5 mg. of vitamin, it 
was usual to find that a rise occurred, even with resting subjects, about the fifth 
da5^ The increase was maintained until a further dose (2 to 3 mg.) was given. 
The explanation of this phenomenon was found to be related to the diet. 

Immediately after recover)’ from the acute phase of beriberi, the patient 
was allowed to take the customary diet. About three-quarters of the calorie 
value of a typical diet was obtained from rice. The rice taken by the patients 
under consideration was a highly milled product and, in the amounts taken per 
day, supplied about 0-3 mg. of vitamin B^. The estimated daily intake of the 
average patient who develops beriberi is about 0-5 mg. per day. After a single 
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The metabolic disturbances are most marked in the fulminating type of 
beriberi and it is in this group that accentuating circumstances appear, definitely 
to contribute to the onset of the acute phase. The condition commonly occurs 
in active, usually muscular subjects who have continued to work until shortly 
before the attack. The acute phase is characteristically of short duration. It 
is remarkable that this form is rarely seen except in hot and humid weather when 
sustained muscular effort is difficult and proper rest and sleep often impossible. 

The operation of factors other than the degree of vitamin Bi deficiency in 
the development of the various types of beriberi appears to be so important that 
it is a question whether considerable differences in the magnitude of the vitamin 
defect are likely to arise. 

In this connection it is important to point out that the vitamin content 
of the daily diets in areas endemic for beriberi is about 0-5 mg. per person. 
Under ordinary conditions diets completely free from vitamin are not taken and 
an intake of 0'75 mg. daily represents a “ border-line ” supply. Williams 
(1938) suggests that for optimal nutrition with respect to vitamin Bj it may be 
necessary to allow as much as 4 mg. per day. Yet, the foregoing results show that 
it is possible to “ cure ” a case of fulminating beriberi with a 5 mg. dose of 
vitamin Bj. Furthermore, there is evidence that the body does not store ap- 
preciable amounts of vitamin Bj. 

In contrast with the fulminating type of beriberi, the development of the 
" dry, atrophic ” type may be the result of a similar grade of vitamin insufficiency 
to which the patient has been subjected for some time in the absence of appreci- 
able accentuating factors. The view may be advanced that nervous tissue is 
attacked primarily because of all the body tissues its need for vitamin Bj for 
normal metabolism is most pronounced. Moreover, when nervous tissue is 
predominantly involved, the localisation of the disturbances appears to be 
determined by metabolic factors especially related to work. No significant 
alterations of blood pyruvic acid are found in this type of beriberi (Platt and 
Lu, 1936). 

The incidence in hospital practice in Shanghai of these two extreme types 
of beriberi in their well-developed forms is only about 10 per cent, of the total 
cases presenting manifestations of vitamin Bi deficiency. The majority of the 
cases Cannot be clearly classified. 

On clinical grounds, accentuating factors relating to metabolic activity in 
the body appear to play a part in the occurrence of these less severe forms of 
beriberi. For example, it was pointed out (Platt and Gin, 1934) that nearly 
half of a hundred patients traced the onset of their symptoms of beriberi to a 
short bout of fever. 

Further discussion of the features of these cases is not possible in this 
short communication. It is, however, important to recognize the part played 
in the symptomatology of these cases by changes which are secondary to impair- 
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The metabolic disturbances are most marked in the fulminating type of 
beriberi and it is in this group that accentuating circumstances appear, definitely 
to contribute to the onset of the acute phase. The condition commonly occurs 
in active, usually muscular subjects who have continued to work until shortly 
before the attack. The acute phase is characteristically of short duration. It 
is remarkable that this form is rarely seen except in hot and humid weather when 
sustained muscular effort is difficult and proper rest and sleep often impossible. 

The operation of factors other than the degree of vitamin deficiency in 
the development of the various types of beriberi appears to be so important that 
it is a question whether considerable differences in the magnitude of the vitamin 
defect are likely to arise. 

In this connection it is important to point out that the vitamin B^ content 
of the daily diets in areas endemic for beriberi is about 0*5 mg. per person. 
Under ordinary conditions diets completely free from vitamin are not taken and 
an intake of 0-75 mg. daily represents a “ border-line ” supply. Williams 
(1938) suggests that for optimal nutrition with respect to vitamin Bj it may be 
necessary to allow as much as 4 mg. per day. Yet, the foregoing results show that 
it is possible to “ cure ” a case of fulminating beriberi with a 5 mg. dose of 
vitamin Bj. Furthermore, there is evidence that the body does not store ap- 
preciable amounts of vitamin Bj. 

In contrast ivith the fulminating type of beriberi, the development of the 
“ dry, atrophic ” type may be the result of a similar grade of vitamin insufficiency 
to which the patient has been subjected for some time in the absence of appreci- 
able accentuating factors. The view may be advanced that nervous tissue is 
attacked primarily because of all the body tissues its need for vitamin Bj for 
normal metabolism is most pronounced. Moreover, when nervous tissue is 
predominantly involved, the localisation of the disturbances appears to be 
determined by metabolic factors especially related to work. No significant 
alterations of blood pyruvic acid are found in this type of beriberi (Platt and 
Lu, 1936). 

The incidence in hospital practice in Shanghai of these two extreme types 
of beriberi in their well-developed forms is only about 10 per cent, of the total 
cases presenting manifestations of vitamin Bj deficiency. The majority of the 
cases cannot be clearly classified. 

On clinical grounds, accentuating factors relating to metabolic activity in 
the body appear to play a part in the occurrence of these less severe forms of 
beriberi. For example, it was pointed out (Platt and Gin, 1934) that nearly 
half of a hundred patients traced the onset of their symptoms of beriberi to a 
short bout of fever. 

Further discussion of the features of these cases is not possible in this 
short communication. It is, however, important to recognize the part played 
in the syrhptomatology of these cases by changes which are secondary to impair- 
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ment of the function of tissues and organs and that the clinical picture is often 
complicated by association with other disease. 

Nevertheless, noteworthy improvement may follow treatment with amounts 
of vitamin Bj of the same order as have been used for the fulminating cases. 
There may, however, be no remarkable variations in the levels of pyruvic acid 
in the blood. In some instances, disturbances appear to have progressed to 
the stage at which recovery cannot be effected merely by supplying adequate 
amounts of vitamin Bj. 


Summary and Conclusions. 

There are substances which bind bisulphite normally present in the blood 
of human subjects. These substances are found in increased amounts in the 
blood of cases of fulminating beriberi. 

Pyruvic acid is one of these substances. Increased amounts of pyruvic 
acid are shown to occur in trichloracetic acid extracts of blood, urine and cerebro- 
spinal fluid taken from patients with fulminating beriberi. 

In uncomplicated cases of fulminating beriberi showing increased amounts 
of pyruvic acid, normal levels are restored in the course of 10 to 15 hours after 
intravenous administration of 5 mg. of pure vitamin Bj. 

Vitamin Bi has been shown by other tvorkers to be concerned in the inter- 
mediate metabolism of carbohydrates. Changes in amounts of metabolites in 
the blood in vitamin B^ deficiency states are considered to be evidences of 
disturbances arising in tissues whose carbohydrate metabolism involved 
vitamin B^. 

The operation of some factors — fever, increased intake of carbohydrates, 
muscular effort — ^^vhich are known to affect metabolism in the body, leads to 
accumulation of pyruvic acid in the blood in vitamin Bi deficiency states. 

'‘It is suggested that the effects of accentuating factors contribute to the 
development of the various clinical types of beriberi. These effects may be of 
more importance in this respect than the differences in the grade of vitamin Bj 
deficiency. When accentuating factors are minimal it is probable that well- 
defined changes only appear after a comparatively long period of deficiency. 

Changes secondary to the failure of various organs and associated disease 
modify the clinical picture of beriberi. 

The effects of treatment with vitamin Bj must be assessed with cognisance 
of the fact that damage to tissues may ensue, especially in long term deficiency 
which cannot be repaired merely by correcting the vitamin deficiency. 
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Discussion. 

Miss Harriette Chick, D.Sc. : As a laboratory worker on vitamins I would 
wish to offer my warm congratulations to the authors of these papers. To those 
of us who have been struggling with the experimental work on this subject it is 
wonderful to hear this story of the striking clinical effect of crystalline vitamin Bi 
which is now available for the treatment of acute beriberi. There have been 
many disappointing and discouraging reports from workers in clinical medicine 
in the tropics, full of doubt as to whether vitamin Bi had any real importance in 
the etiology of beriberi. The work which has been reported this evening is very 
encouraging, as giving evidence which is overwhelming that vitamin Bj has all 
to do with the development and symptomatology of beriberi, anyhow in this 
particular form. I would like to know whether any explanation can be offered 
of the contradictory opinions which have been expressed 'in the past in the 
published clinical work on this subject. 
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Professor R. Brunei Hawes : The reaction is quantitative and tlierefore 
much of the disappointment has been due to too small doses. Sometimes the 
standardization of commercial products is not correct and mistakes with insuffi- 
cient dosage occur with fatal results. 

Miss Harriette Chick : What is the source ? 

Professor R. Brunei Hawes : The extract from natural sources has been 
especially prepared for me by the Genccskundig Laboratorium in Batavia- 
Centrum, Java. Other carefully standardized products were from Bayer’s who 
produced a natural extract but now make synthetic products. Another synthetic 
product came from Switzerland. 

Dr. P. Manson-Bahr : I have listened to the remarks of Professor Peters 
with great attention, and especially to his observations upon the effect of vitamin 
Bi upon the appetite in animals. Purely empirically, as far as the true etiology 
of the disease is concerned, I have for the last six months been using vitamin Bj 
injections {Benerva-^ochc. 1 -25 mgm. of crystalline Bj) daily in sprue. One of 
the chief characteristics of the advanced stages of the disease is anore.xia, and in 
this respect it appears to have a remarkable effect in increasing the patient’s 
desire for food. I have observed some ten cases in which this form of treatment 
has been carried out, but in eight of these it has been combined with the generally 
accepted liver injection therapy. 

Whether the stomatitis of sprue is a separate entity or whether it is com- 
parable to that observed in Addisonian anaemia, pellagra and the peculiar 
condition, now known to be due to Bj deficiency, which was first observed by 
myself in Ce 5 don, by J. Y. Landor and R. A. Pallister in Malaya, and later 
again by L. Nicholes in Ceylon, is ah interesting point. I have noted, however, 
that in vitamin Bj therapy in sprue there is a rapid improvement in the tongue 
and mouth in association with the stimulus to the appetite. By making these 
obser\^ations I do not wish to infer that I consider that the syndrome of sprue is 
due to a vitamin B^ deficiency but merely to point out that this new and active 
product may pla)"^ a part in the therapeutics of this distressing disease. 

Professor Warrington Yorke : I suppose there is improvement as regards 
other symptoms pari passu with that of the stomatitis ? ’ If the patient recovers 
from sprue the stomatitis would disappear as part of this general improvement. 

Dr. P. Manson-Bahr : Our sprues always do get better. 

Professor Warrington Yorke : That is exactly the answer I expected. 
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Dr. J. Barcroft Anderson ; The late Dr. Rowlands, about a year before 
he died, described the result of his work on rats, and he gave me the impression, 
so far as that work went, that the vitamins B were necessary to all the tissues of 
the kidney. Dr. Rowlands represented that continued deficiency of the 
vitamins of the germ of grain diminished the size of nerve cells and nerve fibres ; 
reduced the unstriped muscle tissue to one-third of its bulk in the intestine of 
the rat, and produced degenerative changes in all the tissues of its kidney. I 
have never seen any allusion in medical literature to Dr. Rowlands’ work, and 
I do not know if the speakers this evening have studied the effect on kidney . 
tissue ? 


Dr. H. S. Stannus asked Professor Peters whether there was any evidence, 
in man, of interference in the oxidation of carbohydrate in the brain tissue into 
the series of normal products he had described, by other means than a deficiency 
of vitamin — whether toxic substances could thus act ; also whether any other 
substance than Bj played any part in the normal metabolism. 


Professor R. A. Peters : I do not know what histamine cures mean. They 
do not occur at all constantly, and I believe they are really to be grouped with 
temporary cures which we often observe. When we worked with these avita- 
minous pigeons we early found that we had to be extremely careful not to be 
misled by temporary pseudo-cures. We usually induce the symptoms of 
vitamin deficiency in the cold, and then we bring the birds into a warm room, 
because in this condition they die off rather rapidly if the surrounding tempera- 
ture is not about 70“ F. We then find if we give water plus or minus a little 
sugar, that a number of birds will recover for a period of 2 or 3 days. If you 
had been testing for vitamin B^ and had been giving a vitamin B^ preparation 
you would be inclined to say that the cure had been effected by this. However, 
the symptoms usually come on again in a period varying from 1 to 3 or 4 days, 
and it is then found impossible to clear them up by giving further doses of water 
or sugar. We find that the birds are then quite safe to use for tests. If you take the 
view that vitamin B^ has to be present in the brain for normal function, then you 
will also think that this vitamin has to be brought to the brain in the blood. A 
temporary interference with circulation will prevent vitamin B^ from passing 
from other tissues to the brain. If a few more molecules of Bj are brought to 
the brain by improving circulatory conditions the brain recovers temporarily.- 
I do not know how far this is supported by Dr. Sinclair’s observations. The 
kidneys we know to be out of order, and very often we see in a bird, especially 
if salt is administered, a massive oedema, and it is interesting that these conditions 
clear up in the bird on injections of vitamin just as Professor Hawes has 
said is the case with human patients. I have seen cases of intense oedema in 
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the pigeon which could only be cured by injection of vitamin Bj : oral adminis- 
tration produced no effect at all. 

There is a question I wanted to ask Dr. Platt, a very interesting question 
for us as specialists, whether acetaldehyde can be found in the blood of his 
cases. Shindo* this year claimed to have isolated acetaldehyde from beriberi 
cases. 

Dr. B. S. Platt : We have no evidence that acetaldehyde occurs in the 
blood of cases of fulminating beriberi. There are, however, bisulphite binding 
substances not yet accounted for. 

Dr. T. F. Macrae : Professor Hawes told us there was some discrepancy 
between the alleged vitamin content of some preparations and the aetual 
quantity found. Is it not possible that some vitamin Bj had decomposed 
We know vitamin B^ is not a very stable compound, and in the heat of those 
tropical countries it seems possible that there might have been some decomposi- 
tion. The vitamin is specially unstable in alkaline solution. One other point : 
Professor Hawes mentioned that Dr. Williams had made available synthetic 
vitamin Bi. Dr. Williams is deservedly recognized to have done more to 
elucidate the chemical nature of vitamin Bj than any other worker. The synthesis 
of vitamin Bi, however, was achieved in three countries independently and 
almost simultaneously — in Germany in the laboratories of the I.G. Farben- 
industrie, in America by Dr. Williams and his co-workers, and in this country, 
where it was carried out by Todd and Bergel first in the Department of Medical 
Chemistry in Edinburgh, and then in the Lister Institute. 

Major-General Sir Leonard Rogers ; I should like to draw attention to the 
remarkable similarity between the rapid clearing up of adult beriberi under 
vitamin Bi injections, and the equally rapid recoveries from acute infantile 
beriberi in the Philippines following the oral administration of tiki tiki, an extract 
of rice polishings containing vitamin B, and to ask if the injection treatment has 
been tried in infantile beriberi. 

Dr. William Hughes : I would like to corroborate what Professor Hawes 
has said about the striking effect of vitamin Bj as seen in Malaya. Laboratory 
workers should have our sympathy : they turn out wonderful products and do 
not see the effect ; but if they saw the effect of vitamin B^ in beriberi they would 
be pleased with their efforts. One thing which would please them is the effect 
of the vitamin in infantile beriberi, because there is hardly anything more 
pathetic than to see a child with infantile beriberi : it has aphonia and paralysis, 
and the effect of vitamin in such cases is really magical. 


* Editorial. Lancet , 1, 1938. 
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Professor Sir John Ledingham : Might I ask what is the immediate effect 
on the pneumogastric nerve ? 

Dr. William Hughes : In infantile beriberi in my own experience it takes 
about 3 days before the child cries fairly well, that is, after 1,500 units in 3 days. 
Dr. Haridas,* of Singapore, has recently reported a number of cases and the 
dose of the vitamin he recommends is 500 to 2,000 units. The voice should 
return in 2 to 3 days and vigorous crying and voluntary movements in a week. 

Professor Peters : There was one question about poisons which has not 
been answered. I think the questioner wanted to know whether there was any 
evidence that poisons blocked the action of vitamin in man. I do not know 
of any evidence of this. Of course, it was not possible for me to go into all the 
details of the oxidation system in my lecture but actually it has been shown in 
these cases that if iodo-acetic acid is introduced into the brain system in vitro 
an accumulation of pyruvic acid is found just as in vitamin Bj deficient tissue 
in absence of vitamin. But actuall}' if vitamin Bj is added to that S3'stem in 
excess the pyruvic acid is not oxidised. Probably the enzyme system is com- 
posed of two parts. One is vitamin Bj, the other is a protein and the action of 
poisons is on the protein part. 

Dr. H. M. Sinclair : I should like to ask Professor Hawes one question and 
Dr. M.\nson-Bahr another. Has Professor Hawes any information about the 
neuritis of beriberi ? He dealt only with the acute cardiac condition ; is the 
neuritis also due to a deficiency of vitamin Bj and does it respond to therapy .? 

I am not at all clear about Dr. Manson-Bahr’s experiments. We have 
heard that vitamin Bj greatly improves appetite. Could not the increased 
appetite of his cases of sprue treated with vitamin Bj cause an alteration in 
their diet which would supply them with a factor which cures glossitis ? 

Professor R. Brunei Hawes ; There are one or two questions with regard 
to the effect on the kidneys. It is perfectlj' true that the incidence of many 
diseases varies in different races whose diet is different and the nephrotic 
syndrome appears to be more common in peoples w'hom we know to be short 
of Bj. But Bi has not the slightest curath'e effect on this condition or on 
parenchymatous nephritis. In ordinary cases where the circulation is dei'anged, 
as it is in fulminating beriberi, you will find albumin and casts in the urine. 
Probably all the glands in the body, from the pituitary to the pancreas are 
deranged. In man there is no evidence that there is any effect on the actual 
brain itself. The death I do not think is a medullar}^ death. When we were 
endeavouring to find out whether there was anything else required in the 
\ itamin we used various other drugs. There was a theorj^ that sj’mptoms were 

* lI.\niDAS, G. (1937). J. Malayoii Bntrli. Brit. vied. Ass., 1, 23. 
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due to degeneration of the vagus, and we used large doses of acetylcholine. It 
has a ver}^ curious effect on the pigeon but none on the human cardiac beriberi. 
Adrenalin aggravates the symptoms of beriberi whilst the pituitary tends to 
diminish in size. does not deteriorate if kept in the dark : after many 
months in the tropics it shows no signs of loss of potency. The neuritic condition 
is rather a large subject : obviously another factor comes in. In a very few 
cases the nervous condition is cured dramaticall}’’, in other cases the symptoms 
take months to disappear. The reason is slightly obscure. 

Dr. Manson-Bahr’s comment suggests that he is observing possibly a 
sulphur effect due to the sulphur in the B^ crystalline compound, as Dr. Wright 
in West Africa has reported curative effects on similar conditions with the use 
of organic sulphur compounds. In the fulminating or pure cardiac case no 
mouth lesions are present. 

Dr. A. P. Meiklejohn (Oxford) : May I draw attention to the work of 
*Drs. Weiss and Wiliuns ? They have lately described a syndrome resembling 
beriberi occurring in Boston, U.S.A., chiefly among alcoholics. Certain 
features of their work, which I have had the good fortune to see in recent months, 
is interesting in connection with Dr. Hawes’s observation of the occurrence of 
low diastolic blood pressure in beriberi. They have observed high venous 
blood pressure associated with normal or rapid peripheral blood flow. This 
is a further indication that there may be a pronounced degree of peripheral 
vasodilatation in vitamin B^ deficiency. One further point : I think that it 
should be remembered that the metabolism of the kidney has been shown to be 
disturbed in the vitamin Bj deficient pigeon, and this may be a factor in cases 
where the blood pressure is elevated, and also in those cases which subsequently 
develop nephritis. 

Dr. Platt : The question was raised about infantile beriberi. In our series 
of fulminating cases (Platt and Lu, 1936) was one of infantile beriberi. In 
this case most marked biochemical changes were noted. The statement was 
made in this paper that infantile beriberi was probably one of the purest forms 
of vitamin Bj deficiency seen in human subjects. 

Two other points I would like to comment on. 

Firstly, with regard to the so-called atrophic form. I think there is good 
evidence for the belief that in the development of this condition there are two 
important factors. One is that the deficiency has persisted for a long time. 
The other is that there have not been present those intensifying factors which 
I pointed out were operative in the development of the acute symptoms. 

Secondly, in connection with water retention, there is a point of some 
interest. With the disturbance of metabolism, there might well be changes in 
the water-binding powers of the cells resulting in an increase of intracellular 
fluid. The first appearance in the muscle tissue is observed as a hardening of 



504 


DISCUSSION. 


Professor Sir John Ledingham : Might I ask what is the immediate effect 
on the pneumogastric nerve ? 

Dr. William Hughes : In infantile beriberi in my own experience it takes 
about 3 days before the child cries fairly well, that is, after 1,500 units in 3 days. 
Dr. Haridas,'" of Singapore, has recently reported a number of cases and the 
dose of the vitamin he recommends is 500 to 2,000 units. The voice should 
return in 2 to 3 days and vigorous crying and voluntary movements in a week. 

Professor Peters ; There was one question about poisons which has not 
been answered. I think the questioner wanted to know whether there was any 
evidence that poisons blocked the action of vitamin in man. I do not know 
of any evidence of this. Of course, it was not possible for me to go into all the 
details of the oxidation system in my lecture but actually it has been shown in 
these cases that if iodo-acetic acid is introduced into the brain system in vitro 
an accumulation of pyruvic acid is found just as in vitamin deficient tissue 
in absence of vitamin. But actually if vitamin B^ is added to that system in 
excess the pyruvic acid is not oxidised. Probably the enzyme system is com- 
posed of two parts. One is vitamin Bj, the other is a protein and the action of 
poisons is on the protein part. 

Dr. H. M. Sinclair : I should like to ask Professor Hawes one question and 
Dr. Manson-Bahr another. Has Professor Hawes any information about the 
neuritis of beriberi ? He dealt only with the acute cardiac condition ; is the 
neuritis also due to a deficiency of vdtamin B^ and does it respond to therapy ? 

I am not at all clear about Dr. Manson-Bahr’s experiments. We have 
heard that vitamin Bj greatly improves appetite. Could not the increased 
appetite of his cases of sprue treated with vitamin Bj cause an alteration in 
their diet which would supply them with a factor which cures glossitis ? 

Professor R. Brunei Hawes : There are one or two questions with regard 
to the effect on the kidneys. It is perfectly true that the incidence of many 
diseases varies in different races whose diet is different and the nephrotic 
syndrome appears to be more common in peoples whom we know to be short 
of Bj. But Bi has not the slightest curative effect on this condition or on 
parenchymatous nephritis. In ordinary cases where the circulation is deranged, 
as it is in fulminating beriberi, you will find albumin and casts in the urine. 
Probably all the glands in the body, from the pituitary to the pancreas are 
deranged. In man there is no evidence that there is any effect on the actual 
brain itself. The death I do not think is a medullary death. When we were 
endeavouring to find out whether there vv^as anything else required in the 
vitamin we used various other drugs. There was a theory that symptoms were 

* H.vridas, G. (1937). J. Malaynii Bnich. Brit, tiicd. Ass., 1, 23. 
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Professor Sir John Ledingham : Might I ask what is the immediate effect 
on the pneumogastric nen'e ? 

Dr. William Hughes : In infantile beriberi in my own experience it takes 
about 3 days before the child cries fairly well, that is, after 1,500 units in 3 days. 
Dr. Haridas,* of Singapore, has recently reported a number of cases and the 
dose of the vitamin he recommends is 500 to 2,000 units. The voice should 
return in 2 to 3 days and vigorous crjdng and voluntary movements in a week. 

Professor Peters : There was one question about poisons which has not 
been answered. I think the questioner w'anted to know whether there Avas any 
evidence that poisons blocked the action of vitamin in man. I do not know 
of any evidence of this. Of course, it was not possible for me to go into all the 
details of the oxidation system in my lecture but actually it has been shown in 
these cases that if iodo-acetic acid is introduced into the brain system in vitro 
an accumulation of pyruA'ic acid is found just as in vitamin deficient tissue 
in absence of vitamin. But actually if vitamin B^ is added to that system in 
excess the pyruvic acid is not oxidised. Probably the enzyme system is com- 
posed of two parts. One is vitamin Bj, the other is a protein and the action of 
poisons is on the protein part. 

Dr. H. M. Sinclair ; I shouid like to ask Professor Hawes one question and 
Dr. M.anson-Bahr another. Has Professor Hawes any information about the 
neuritis of beriberi ? He dealt only with the acute cardiac condition ; is the 
neuritis also due to a deficiency of vitamin and does it respond to therapy ? 

I am not at all clear about Dr. Manson-Bahr’s experiments. We haA^e 
heard that Autamin Bj greatly improves appetite. Could not the increased 
appetite of his cases of sprue treated AAuth vitamin B^ cause an alteration in 
their diet Avhich AVould supply them AA'ith a factor AA'hich cures glossitis ? 

Professor R. Brunei Hawes : There are one or ttvo questions AAuth regard 
to the effect on the kidneys. It is perfectly true that the incidence of many 
diseases A-aries in different races AA’hose diet is different and the nephrotic 
syndrome appears to be more common in peoples whom aa^c knoAv to be short 
of B^. But Bi has not the slightest curative effect on this condition or on 
parenchymatous nephritis. In ordinary cases AA'here the circulation is deranged, 
as it is in fulminating beriberi, you Avill find albumin and casts in the urine. 
Probably all the glands in the body, from the pituitary to the pancreas are 
deranged. In man there is no evidence that there is any effect on the actual 
brain itself. The death I do not think is a medullary death. When Ave were 
endeavouring to find out Avhether there Avas anything else required in the 
vitamin Ave used various other drugs. There Avas a theory that symptoms Avere 

* Haridas, G. (1937). y. Malayan Bmch. Brit. mcd. Ass., 1, 26. 
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the muscles not unlike that seen in pseudo-hypertrophic muscular dystrophy. 
Wenckebach has described how, when an incision is made over the calf muscles, 
the muscles obtrude themselves through the opening. There is, however, no 
evidence of oozing of fluid. On the other hand, in the grossly wet form of 
beriberi, when there is some degree of heart failure, if not also of kidney failure, 
there is no question that considerable amounts of fluid may be obtained by 
acupuncture. 

Professor Hawes : With regard to beriberi in infants, we are finding it 
easier to prevent attacks by giving the injection to the mother, probably before 
childbirth or when feeding the baby. The mothers frequently have no signs of 
beriberi, yet the infant will develop an acute attack and die. 
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DISCUSSION. 


the muscles not unlike that seen in pseudo-hypertrophic muscular dystrophy. 
Wenckebach has described how, when an incision is made over the calf muscles, 
the muscles obtrude themselves through the opening. There is, however, no 
evidence of oozing of fluid. On the other hand, in the grossly wet form of 
beriberi, when there is some degree of heart failure, if not also of kidney failure, 
there is no question that considerable amounts of fluid may be obtained by 
acupuncture. 

Professor Hawes : With regard to beriberi in infants, we are finding it 
easier to prevent attacks by giving the injection to the mother, probably before 
childbirth or when feeding the baby. The mothers frequently have no signs of 
beriberi, yet the infant will develop an acute attack and die. 
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COMMUNICATIONS. 


A STUDY OF THE REACTION RATE OF THE SERUM- 
FORMALIN REACTION IN TRYPANOSOMA GAMBIENSE 

SLEEPING SICKNESS. 

BY 

C. \v. HOPE-GILL, B.M., B.Ch., 

Lately attached Tsetse Investigation, Nigeria. 


During recent years attention has been turned to the reaction of Gate — 
better known as the serum-formalin reaction — as an aid in the diagnosis of 
human tir-panosomiasis. Much work has already been done \rith this reaction 
in the diagnosis of kala-azar with encouraging results. Trj’panosomiasis shares 
with kala-azar the distinction of producing an exceptional amount of globulin 
and euglobulin in the blood serum ; and, as would therefore be expected, a 
marked and often rapid gel is formed on the addition of formalin to the sera of 
patients suffering from these diseases. 

It has been sho\A-n by Morrison (1924) and Johnson (1925) that from a 
qualitative point of riew the test fails in the diagnosis of trypanosomiasis on 
account of other pathological conditions producing a positive reaction after a 
few hours. There is eridence that these globulins are also increased to some 
extent in other diseases and it therefore is not surprising that under these con- 
ditions a gel is also formed by this reaction. The reaction has accordingly — on 
this account — ^fallen into some discredit, but a careful study of the test reveals 
the fact that in trypanosomiasis the gel usually takes a much shorter time to 
form than in these other pathological conditions. 

Dye (1926) working with the Trypanosoma riiodesiense type of the disease 
showed that some value lay in the test when regarded as a time reaction, Ledentu 
and Vaucel (1927), working Arith the T. gambiense type at the Pasteur Institute, 
Brazzaville, have more recently emphasized the value of the test when the 
reaction rate is taken into consideration. A series of tests was undertaken, with 
the reaction rate as the principal factor of importance. The observ^ations, 
A — G, were performed on a toti of 431 subjects. The majority of these were 
natives from Kano, Bauchi, and Plateau provinces, Nigeria, the remainder being 
out-patients of the Venereal Diseases Department of St. Thomas’s Hospital, 
London. I was enabled to examine the latter through the courtesy of Dr. T. E. 
Osmond, Pathologist to the Department. 
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SERUM-FORMALIN REACTION. 


A.— A Suggested Standard Technique for the Performance of the 
Serum-Formalin Reaction, 

Preliminaty series of tests, not here recorded, were made in order- to ascertain 
the optimum conditions for the reaction as applied to human trypanosomiasis. 
It was found that in 1 c.c. of serum 2 minims of commercial formalin gave a 
more rapid gel than the usual 1 minim, while the reaction was not accelerated 
by increasing the number of minims above 2. 

The technique therefore was as follows : Into a small test tube, J an inch in 
diameter (internal) by 2 inches in length, was pipetted 1 c.c. of serum or citrated 
plasma, to which was added 2 minims of 40 per cent, (commercial) formalin. 
The test tube was then thoroughly shaken on account of the formalin having 
a tendency to settle at the bottom of the tube, so resulting in a delayed gel. It 
was important that for these timed reactions there should be a definite and 
uniform end-point. This was determined by gently inverting the tube without 
shaking. Failure of the contents to run down the side of the tube was regarded 
as a positive result. 

Uniformity in the diameter of the test tube is therefore essential, 

B. — Estimation of the Value of the Serum-Formalin Reaction in 
THE Diagnosis of Human Trypanosomiasis. 

For this purpose tests were performed on the following groups : Senes 1 — 
Positive sleeping sickness cases {T. gambiense demonstrated) ; Series 2 — Appar- 
ently healthy natives in fly-free country ; Series 3 — Out-patients other than 
detected cases of trypanosomiasis. 

Series 1. — Positive Sleeping Sickness Cases. 

This series shows the results of timed formol-gel reactions on 115 cases of 
sleeping sickness. These are termed positive sleeping sickness cases as 
T . gambiense had been found in the gland juice. They had all attended voluntarily 
at bush clinics, and were therefore well-established cases of the disease, early 
cases being very seldom seen. 

Diagram 1, Series 1, shows that a positive gel was given within 5 minutes 
by 40 per cent. ; 10 minutes by 59 per cent. ; 15 minutes by 72 per cent. ; 30 
minutes by 82 per cent.; and 60 minutes by 93 per cent, of positive sleeping 
sickness cases, while 7 per cent, failed to gel within 60 minutes. 

Series 2. — Apparently Healthy Natives. 

Human trypanosomiasis is so ubiquitous in Kano, Bauchi, and Plateau 
provinces that it was not easy to obtain a series guaranteed free from latent or 
active sleeping sickness. These conditions were fulfilled by the village of Richa, 
on the high ground of the plateau and at some distance from fly country. The 
pagan population were local in their habits, and examination showed them to 
be free from trypanosomiasis. 













510 


SERra5-FORMM.IN REACTION. 


Diagram 1, Series 2, shows that out of forty-one people drawn from the 
general population of Richa one gave a positive gel within 60 minutes. Nearly 
98 per cent, therefore failed to give a positive reaction within 60 minutes. 


Series 3.— Out-Patients other than Detected Cases of Trypanosomiasis. 

Cases in this series were tested and examined at Gadau, Nigeria, head- 
quarters of the Tsetse Investigation. The patients at Gadau clinic were drawn 
from the surrounding country where sleeping sickness is endemic. Diagram 1, 
Series 3, shows that out of a total of seventy out-patients other than cases of 
detected trypanosomiasis, 16 gave a positive gel within varying periods up to 
60 minutes. The latter were not suspected of trypanosomiasis before the 
serum-formalin reaction was performed. Of the sixteen cases that were positive 
within 60 minutes one case of leprosy went away before further investigation 
could be made. The remaining fifteen cases were examined further in order 
to discover whether any were suffering from undetected trypanosomiasis, as 
follows : — 

1. Case 10. — Male aged 40, Seven years’ history of debility, serum-formalin test 
positive in 15 minutes. No glands palpable. Blood, negative. Cerebrospinal fluid : 147 
white cells per cmm. : Pandy’s phenol globulin and acetic-anhydride tests positive. Kahn 
test negative. Diagnosis ; Trypanosomiasis. 

2. Case 18. — hlale aged 35, Four years’ history swollen abdomen (ascites). S.F. 
test positive in 30 minutes. No glands palpable. Blood and C.S.F. examination negative. 
10 c.c. blood inoculated into peritoneal cavity of monkey {Macacus rhesus) : monkey’s blood 
examined for 6 weeks with negative result, 

3. Case 19. — Female aged 40. Three years’ history swollen abdomen (ascites). S.F. 
test positive in 30 minutes. Examination and monkey inoculation as in Case 18 negative. 
Test for adhesion phenomenon negative. 

4. Case 22. — Male aged 35. Six years’ history of debility. S.F. test positive in 
30 minutes. Kahn test negative. Examination and monkey inoculation as in Case 18 
negative. Test for adhesion phenomenon negative. 

5. Case 40. — Male aged 30. Leg ulcer of 3 weeks’ duration. S.F. test positive- in 
5 minutes. Kahn test positive. Examination of C.S.F, : white cell count of 16 per cmm. : 
Pandy’s and acetic-anhydride tests for globulin positive. Was later proved to have been 
a recently discharged sleeping sickness case. Diagnosis : Trypanosomiasis. 

6. Case 49. — Male aged 40. Treated for secondary syphilis. S.F. test positive in 
5 minutes. Kahn test positive. T. gambiense was afterwards found in gland juice and 
blood. C.S.F. examination ; white cell count 15 per cmm. : tests for increased globulin 
positive. Diagnosis : Trypanosomiasis. 

7. Case 55. — Male aged 37. Two months’ history of debility, S.F. test positive in 
10 minutes. Examination of glands, blood, and C.S.F. negative. Test for adhesion 
phenomenon positive. Diagnosis : Trypanosomiasis . 

_ Case 57. — Male aged 35. Bright’s disease with much free fluid. S.F. test positive 
m » minutes. Examination of blood and C.S.F. negative. Glands not palpable. Test for 
adhesion phenomenon negative. 

9. Case 66. — Male aged 35. Three years’ history of debility. S.F, test positive in 
-0 minutes. Kahn test positive. Adhesion phenomenon test negative. 

10. Case 65.— Akle aged 27. Secondary syphilis. S.F. test positive in 30 minutes. 
Kahn test positive. Test for adhesion phenonsenon negative. 

- - 73,-— Male aged 31, Three years’ history of gonorrhoea. S.F. test positive 

m -0 minutes, Kahn test negative. Test for adhesion phenomenon negati\'e. 
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12, Case 85. — Alalc aged 25. One year’s history of pain and swelling of right hip 
joint. S.F. test positive in 60 minutes. Kahn test negative. Test for adhesion phenomenon 
negative. 

13, Case 8S. — Male aged 31. Amoebic dysenterj-. S.F, test positive in 10 minutes. 
Kahn test negative. Test for adhesion phenomenon negative. 

14. Case 107. — Male aged 30, Seven years’ debility, S.F. test positive in 5 minutes. 
Kahn test negative. Examination of C.S.F. : white cell count 228 per cmm. ; globulin 
tests positive. Diagnosis : Trypanosomiasis. 

15. Case 125. — Male aged 40. Five years’ historj' of debility, S.F. test positive in 
10 minutes. C.S.F. : T. gambiense positive : white cell count 148 per cmm. : globulin 
positive. Diagnosis : Trypanosomiasis. 

Six casesj Cases 10, 40, 49, 55, 107 and 125, arc thus classed as undetected 
cases of trypanosomiasis. The remaining nine are taken to be free from the 
disease on the findings of the adhesion phenomenon and inoculation of blood 
into monkeys. Nine out of the series of sixty-nine are therefore classified as 
false positives (13 per cent.). It should be stated that no provocative doses of 
tryparsamide tvere administered before the test for the adhesion phenomenon. 
With regard to these results with the adhesion phenomenon Duke and Wallace 
(1930) reached the conclusion that a single, or even a number of, negative 
observations do not exclude trypanosomiasis : a positive reaction on the other 
hand indicates recent or actual infection with a trypanosome of the same group. 
I am indebted to Dr. H. M. O. Lester for performing these tests for the 
adhesion phenomenon. 

The following data are now available : — 

(1) 93 per cent, of proved cases of human trj'panosomiasis have given a 
positive serum-formalin reaction wthin 60 minutes. 

(2) Less than 1 per cent, of proved cases of trypanosomiasis have failed 
to give a positive reaction vithin 24 hours. 

(3) Nearly 98 per cent, of apparently healthy natives free from trypano- 
somiasis have failed to give a positive reaction within 60 minutes. 

(4) 13 per cent, of patients suffering from pathological conditions other 
than trj’panosomiasis have given a positive reaction within 60 minutes. 

C. — The Influence, if any, of Certain Therapeutic Drugs on the 
Serum-Formalin Reaction when added to the Serum in vitro. 

The drugs tested were Bayer 205, tryparsamide, and neosalvarsan. Normal 
saline was used as a control. 

Series 4, — Positive Sleeping Sickness Cases. 

The serum was obtained from 24 previously untreated positive sleeping 
sickness cases. Five test tubes were necessary for each serum tested. Into each 
test tube was pipetted 1 c.c. of the serum to be tested. Into each of four test 
tubes respectively was dropped 2 minims of freshly prepared 10 per cent. 
Bayer 205, 10 per cent, tryparsamide, 10 per cent, neosalvarsan, and normal 
saline. The fifth test tube contained 1 c.c. of serum only. After shaking, to 
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each of the five test tubes was added 2 minims of 40 per cent, formalin as in 
the normal performance of the test. The resulting reactions were timed and 
are recorded in Diagram II, Series 4. 

The results with Bayer 205 are comparable with those obtained by Dye 
(1926), the reaction being considerably delayed in each case. With tryparsamide 
the reaction was delayed slightly more tlian was the case with the normal saline 
control. The results with neosalvarsan differed very slightly from those with 
normal saline, and are not recorded. 

It is shown, therefore, that Bayer 205 in vitro exercises, a considerable 
retarding effect upon the reaction. It remains to discover whether this retarding 
action is exercised when other pathological sera are used, or whether the action 
is selective for the serum of human trypanosomiasis. The retarding action of 
tryparsamide is too slight to be of possible value, while that of neosalvarsan is 
negligible. 

D. — The Influence of Previous Treatment with Tryparsamide upon the 
Reaction when using Serum alone, and when the above Drugs are added 

in vitro. 

Series 5 . — Previously Treated Positive Sleeping Sickness Cases. 

These had undergone an insufficient course of treatment with tryparsamide 
about 5 months previously, and had relapsed. Diagram II, Series 5, shows 
that the reaction rate under these circumstances is definitely retarded. The 
action in vitro of Bayer 205 and tryparsamide was also tested as in Series 4, 
and shows a similar retarding effect in relation to the results obtained when 
using serum alone. 

Accordingly, in performing the serum-formalin reaction on cases of trypano- 
somiasis the question of previous treatment with tryparsamide should be con- 
sidered. In cases which have undergone previous treatment, the possible 
retarding effect of this should be borne in mind. 

E. — The Value of the Test as an Indication of the Progress of 
A Case of Trypanosomiasis under Treatment. 

Series 6 . — Positive Sleeping Sickness Cases. 

Each case of this series was under daily observation, and the clinical progress 
was carefully noted and recorded. The serum-formalin test was performed 
before treatment, and again at the end of a course of tryparsamide based on a 
dosage of 20 grammes per adult. Referring to Diagram II, Series 6, the con- 
tinuous line indicates the timed results of the test before treatment, and the 
dotted line the results after treatment. In the majority of cases the effect of 
treatment was to delay the reaction, but results were variable, and often did not 
coincide with the records of clinical progress. 

It is concluded that the test affords no reliable indication of the progress 
of a case of trypanosomiasis under treatment. ; 
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Series 10 . — Hama Syphilitics. 

These were Hausas of both sexes. In every case the Kahn test was strongly 
positive. No previous treatment had been given. In performing the Kahn 
test two tubes were used instead of three, the strongest serum-suspension 
mixture being eliminated. The results of the timed serum-formalin reactions 
in Series 9 and 10 are demonstrated in Diagram III. 

It is evident, therefore, that in performing the semm-formalin test for the 
diagnosis of trypanosomiasis the influence of syphilis as a disturbing factor is 
negligible. 

Conclusions and Comments. 

1. The serum-formalin reaction, when positive within 60 minutes under 
the conditions described, is strong evidence in favour of the presence of try^pano- 
somiasis ; when negative vithin this time limit it is strong e\ddence against the 
presence of this disease ; and when negative after 24 hours is practically diagnostic 
of the absence of the disease. 

2. A serum-formalin reaction positive for trypanosomiasis is, therefore, 
one which ivithin an hour gives a positive gel according to the technique described 
in this paper. This would apply to a country such as tropical Africa where 
T. gambiense sleeping sickness but not kala-azar, which also gives a positive 
reaction, is endemic. 

3. The presence of Bayer 205 in the serum in vitro considerably retards 
the end-point of the reaction. 

4. A retarding eftect is also caused by previous treatment with tryparsamide. 

5. The serum-formalin reaction gives no reliable information as to the 
progress of a case of human trypanosomiasis under treatment. 

6. The reaction takes place equally well whether serum or citrated pla'^ma 
is employed. 

7. Interference by the presence of syphilis is negligible. 

S. These tests were carried out on the sera of patients who presented 
themselves voluntarily for treatment in a strongly endemic area, and the majority 
were therefore comparatively advanced cases of trypanosomiasis. It remains 
to be shown what results would be obtained in cases diagnosed in the course of 
a mass examination where many cases complain of no symptoms and are often 
only mildly affected by the disease. 
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TRYPANOSOMA UNIFORMS AND T. VIVAX. 


somes of the evmisi group. As regards the congolense group, the short forms 
of Trypanosoma congolense are not unlike the “ stumpy ” trypanosomes in the 
brucei group, while some forms of T. simiae resemble the “ intermediate ” forms 
in the last named group. 

The vivax group is represented by monomorphic trypanosomes with a 
peculiar combination of characters not found in the groups mentioned above. 
The body is somewhat club-shaped, being typically swollen and rounded 
at the posterior end and tapering towards the anterior (flagellar) end. The 
undulating membrane is usually very feebly developed (except in T. caprae, 
as described by Bruce et al. ; v. infra) and there is a distinct free flagellum. 
The kinetoplast* is typically terminal (Text-Fig. A, 1, 3, 5, 7, 10, 11), but 



may be subterminal, in which case it is usually also marginal or lateral (Text- 
Fig. A, 2, 8, 9, 12). The most remarkable feature of the Idnetoplast is its 
size, which is considerably greater than that of the kinetoplast in any of the 
groups referred to above {evanst, congolense, brticei). In this respect it is com- 
parable to the dimensions of this structure in members of the leioisi group. 

* have used the term “kinetoplMt” in its original sense (cf. Alexeieff : 
C,R, Sqc» BiqL 80. 1917. 512), to denote the kinetonucleus alone (without the blepharoplast). 
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This trypanosome was also reported from bovines in Zululand (CuRSON, 1928) 
and in the Belgian Congo (ScHWETZ and Storck, 1930 ; Schweiz, 1931). 
In Uganda T. tmiforme was again recovered from situtunga by one of us 
(Hoare, 1932*) and from bovines by Dr. G. N. HALL.f Finally there is some 
evidence of the occurrence of T. uniforme in the domestic pig (a mixed infection 
with T. simiae ; cf. Hornby, 1923 ; Hoare, 1936b). 

The naturally infected hosts recorded up to the present and the geographical 
distribution of T. uniforme, checked from the original sources, are summarized 
in the following list. 

NATURAL HOSTS AND DISTRIBUTION OF T. U7liforme. 

(1) Bos tauriis (Domestic cattle) : Uganda (BrUce et al., 1911) ; Uganda, Buvuma 
Island (Hall, 1927 : unpublished) ; Zululand (Curson, 1928) ; Belgian Congo, Province 
Orientale (Schwetz and Storck, 1930 ; Schwetz, 1931). 

(2) Syncerus caffcr (Buffalo) : Uganda, near Lakes Edward and George (Duke, 
1913b). 

(3) Tragelaphus scriptus (Bushbuck) : Uganda, northern shore of Victoria Nyanza 
(Fraser and Duke, 1912a, 1912b); Uganda, Kibanga (Duke, 1912); Uganda, Masindi 
(Duke, 1916). 

(4) Tragelaphtis (= Limnotragtis) spekeit (Situtunga) : Uganda, northern shore of 
Victoria Nyanza (Fraser and Duke, 1912a, 1912b) ; Uganda, Kibanga and Damba Island 
(Duke, 1912) ; Uganda, Mpumu (Duke, 1913a) ; Uganda, vicinity of Entebbe (Hoare, 
1932U. 

(5) Cobiis dlipsiprymnus (Waterbuck) : Uganda, near Lakes Edward and George 
(Duke, 1913a). 

(6) ? Sus scrofa (Domestic pig) ; Tanganyika (Hornby, 1923 ; cf. Hoare, 1936b). 

The records of T. uniforme are thus seen to be relatively scanty and its 
distribution restricted, for, with the exception of the isolated findings in 
Zululand and Tanganyika, it has hitherto been found only within a limited 
area extending from the northern shores and islands of Victoria Nyanza into 
western Uganda and, over the border, into eastern Belgian Congo. 

The apparent rareness of this trypanosome, on the one hand, and its 
similarity to T. vivax, on the other, have led to some scepticism regarding the 
independent status of T. uniforme. This attitude found expression at tw'o 
conferences on trypanosomiasis recently held in Entebbe, Uganda. 

’’In the “ List of Blood Parasites Collected in Uganda” (Hoare, 1932 ; p. 222) 
T. uniforme was inadvertently attributed to the bushbuck {loc. cit., No. 31), though this 
parasite was actually found in the situtunga ; whereas T. ingens — ascribed to the last-named 
antelope (Joe. cit.. No. 27) — was found in the bushbuck. 

•fA collection of blood-films taken from bovines on Buvuma Island,- Victoria Nyanza, 
was kindly given to one of us (C.A.H.) by Dr. G. N. Hall. The films from two of the 
bovines represented pure infections of T. uniforme, while others were infected with 
T. congolcnse, T. viva.x and T. brucei. However, the occurrence of T. uniforme was not 
recorded in Hall’s report of trypanosomiasis on Buvuma Island [Report of Veterinary 
Pathologist : In Ann. Kept. Vet. Dept., Uganda, for 1927 (publ. 1928), Appendix I, p. 22]. 

fLike the bushbuck, the situtunga was formerly included in the genus Tragelaphus, 
from which it was subsequently removed to the genus Limnotragtis. However in view 
of the successful hybridization between these two antelopes (cf. H. L. Duice, 1934", Uganda 
J., 2, 159) it would appear that they should both be retained in the same genus, Tragelaphus. 
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The position of T. uniformc was first discussed at the “ Conference on Tsetse and 
Trj-panosomiasis (animal and human) Research ” in 1933 (publ. 1934 : p. 17), at which 
A'Iettam stated that he “ had made certain experiments with this trypanosome which 
had convinced him that it was identical with T. vivax” while Duke “ considered that the 
question had not yet been settled because he was firmly convinced that certain characteristics 
associated tvith T. iimfonne definitely marked it off from T. vivax ” The Conference 
agreed to include in the programme of research " the further investigation of the identity 
of T. wtiformc," a decision which met with the approval of the “ East Afa'ca Sub-Committee 
of the Tsetse Fly Committee” appointed by the Colonial Office (See Report, 1935 : 
p. 46). 

The question of T. uuiforme was again raised at the “ Conference on the Co-ordination 
of Tsetse and Trypanosomiasis (animal and human) Research in East Africa ” in 1936. 
Hornby (loc. cit., p. 27) proposed that “ those who favour the retention of this name 
[T. wtiformc] as valid should at least furnish stained specimens which can be critically 
compared with similar specimens of T. vivax” adding : “ It is significant that, in spite 
of increased work on trypanosomiasis throughout Africa, not a single article dealing with 
T. unifomic appears to have been published in recent years.” Mettam (Joe. cit., p. 18) 
reiterated his opinion that T. miifomie -was probably a synonym of T. vivax, and the 
Conference again agreed that this question stands in need of reinvestigation. 

Unfortunatelj’, Mettam prowded no evidence in support of his contention, either in the 
reports of the Conferences or in any other publication. As regards Hornby’s second 
remark, it is obwous that he had overlooked the recent observ’ations on T. uniforme in 
the Belgian Congo (Schwtttz and Storck, 1930 ; Schwetz, 1931) and the record from 
Zululand (CURSON, 1928). It is true, however, that this species had not been reported 
between 1916 and 1928. 

It is our firm belief that the sporadic nature of the records of T. tmiforme 
is due not so much to its rareness or to its focal distribution, as to failure on 
the part of observers to recognize and differentiate this species. As soon as its 
presence was established in Uganda it was found to be the most common 
tr 3 'panosome on the northern shore and islands of Lake Victoria (Duke, 1912, 
1913a). Its continued presence there in 1927 and 1928 was confirmed by the 
findings mentioned above (Hall, Hoare : cf. p. 520). According to Schwetz 
(1931) this species ranks second in importance as a parasite of cattle in the 
Stanleyville district of the Belgian Congo.* 

Moreover, both in Uganda and in the Congo T. tmiforme was found to be 
co-existent with T. vivax, the tw’o species occurring not only in the same 
localities, but in mixed infections of the same host. In the case of such double 
infections it is evident that the differentiation of the two trj^panosomes presents 
no difficulty. 

While some observers (Hornby, Mettam) appear to doubt the very 
existence of T. uniforme as a distinct parasite, others — though recognizing its 
peculiarities — are doubtful about its specific independence. Thus, according 

*Dr. C. M. Wenyon informs us that Dr. Schwetz submitted to him over a period 
of a year or more films showing a trypanosome which Dr. Wenyon identified, on account 
of its dimensions, as T. tmiforme. The repeated occurrence of this trypanosome in the 
films was so unexpected that Dr. Wenyon began to doubt his diagnosis of T. uniforme 
and to wonder if he was not actually dealing with T. vivax. Finally, however. Dr. 
Schwetz sent a film containing a distinctly larger trypanosome which w'as undoubtedly 
T. vivax : an occurrence which served to confirm Dr. Wenyon’s earlier identification 
of T. uniforme (cf. also SemvETZ and Storck, 1930, p. 639). 



520 


trypanosoma UKIFORME AND T. VIVAX. 


This trypanosome was also reported from bovines in Zululand (CuRSON, 1928) 
and in the Belgian Congo (Schwetz and Storck, 1930 ; Schwetz, 1931). 
In Uganda T. tmiforme was again recovered from situtunga by one of us 
(Hoare, 1932*) and from bovines by Dr. G. N. HALL.f Finally there is some 
evidence of the occurrence of T. unijorme in the domestic pig (a mixed infection 
with T. siiniae : cf. Hornby, 1923 ; Hoare, 1936b). 

The naturally infected hosts recorded up to the present and the geographical 
distribution of T. uniforme, checked from the original sources, are summarized 
in the following list. 

NATURAL HOSTS AND DISTRIBUTION OF T. Uniforme. 

(1) Bos taurus (Domestic cattle) : Uganda (BrOce et al., 1911) ; Uganda, Buvuma 
Island (Hall, 1927 : unpublished) ; Zululand (Curson, 1928) ; Belgian Congo, Province 
Orientale (Schwetz and Storck, 1930 ; Schwetz, 1931). 

(2) Syiiceriis caffcr (Buffalo) : Uganda, near Lakes Edward and George (Duke, 
1913b). 

(3) Tragelaphus scriptus (Bushbuck) : Uganda, northern shore of Victoria Nyanza 
(Fraser and Duke, 1912a, 1912b) ; Uganda, Kibanga (Duke, 1912) ; Uganda, Masindi 
(Duke, 1916). 

(4) Tragelaphus (= Liumotragus) spekeiX (Situtunga) ; Uganda, northern shore of 
Victoria Nyanza (Fraser and Duke, 1912a, 1912b) ; Uganda, Kibanga and Damba Island 
(Duke, 1912) ; Uganda, Mpumu (Duke, 1913a) ; Uganda, vicinity of Entebbe (Hoare, 
1932»-). 

(5) Cobus clUpsiprymmis (Waterbuck) : Uganda, near Lakes Edward and George 
(Duke, 1913a). 

(6) ? Sus scrofa (Domestic pig) : Tanganyika (Hornby, 1923 ; cf. Hoare, 1936b). 

The records of T. uniforme are thus seen to be relatively scanty and its 
distribution restricted, for, with the exception of the isolated findings in 
Zululand and Tanganyika, it has hitherto been found only within a limited 
area extending from the northern shores and islands of Victoria Nyanza into 
western Uganda and, over the border, into eastern Belgian Congo. 

The apparent rareness of this trypanosome, on the one hand, and its 
similarity to T. vivax, on the other, have led to some scepticism regarding the 
independent status of T. uniforme. This attitude found expression at two 
conferences on trypanosomiasis recently held in Entebbe, Uganda. 

*In the “ List of Blood Parasites Collected in Uganda” (Hoare, 1932 : p. 222) 
T. tiniforme was inadvertently attributed to the bushbuck (Zoc. cit., No. 31), though this 
parasite was acWally found in the situtunga ; whereas T. iitgens — ascribed to the last-named 
antelope {loc. cit.. No. 27) — ^tvas found in the bushbuck. 

f A collection of blood-films taken from bovines on Buvuma Island,- Victoria Nyanza, 
was kindly given to one of us (C.A.H.) by Dr. G. N. Hall. The films from tAAm of the 
bovines represented pure infections of T. tiniforme, Avhile others Avere infected with 
T. congolense, T. vivax and T. brucei. However, the occurrence of T. uniforme was not 
recorded in Hall’s report of trypanosomiasis on Buvuma Island [Report of Veterinary 
Pathologist : In Ann. Kept. Vet. Dept., Uganda, for 1927 (publ. 1928), Appendix I, p. 22]. 

JLike the bushbuck, the situtunga was formerly included in the genus Tragelaphus, 
from which it was subsequently removed to the genus Limnotragus. However, in view 
of the successful hybridization between these two antelopes (cf. H. L. Duke, 1934, Uganda 
J., 2, 159) it would appear that they should both be retained in the same genus, Tragelaphus. 
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This trypanosome was also reported from bovines in Zululand (CuRSON, 1928) 
and in the Belgian Congo (ScHWETZ and Storck, 1930 ; Schwetz, 1931). 
In Uganda T. uniforme was again recovered from situtunga by one of us 
(Hoare, 1932*) and from bovines by Dr. G. N. Hall.I Finally there is some 
evidence of the occurrence of T. uniforme in the domestic pig (a mixed infection 
with T. simiae : cf. Hornby, 1923 ; Hoare, 1936b). 

The naturally infected hosts recorded up to the present and the geographical 
distribution of T. uniforme, checked from the original sources, are summarized 
in the following list. 

natural hosts and distribution of T. uniforme. 

(1) Bos tanrus (Domestic cattle): Uganda (Bruce et al., 1911); Uganda, Buvuma 
Island (Hall, 1927 : unpublished) ; Zululand (Curson, 1928) ; Belgian Congo, Province 
Orientale (Schw'etz and Storck, 1930 : ScnwrETz, 1931). 

(2) Syncerus coffer (Buffalo) ; Uganda, near Lakes Edward and George (Duke, 
1913b). 

(3) TragelapJius scriptus (Bushbuck) : Uganda, northern shore of Victoria Nyanza 
(Fraser and Duke, 1912a, 1912b) ; Uganda, Kibanga (Duke, 1912) ; Uganda, Masindi 
(DuitE, 1916). 

(4) Tragelaphus (= Limnotragus) spekeiX (Situtunga) : Uganda, northern shore of 
Victoria Nyanza (Fr.aser and Duke, 1912a, 1912b) ; Uganda, Kibanga and Damba Island 
(Duke, 1912) ; Uganda, IMpumu (Duke, 1913a) ; Uganda, vicinity of Entebbe (Hoare, 
1932»). 

(5) Cobits ellipsiprymnus (Waterbuck) : Uganda, near Lakes Edward and George 
(Duke, 1913a). 

(6) ?Si« scrofa (Domestic pig) : Tanganyika (Hornby, 1923 ; cf. Hoare, 1936b). 

The records of T. uniforme are thus seen to be relatively scanty and its 
distribution restricted, for, with the exception of the isolated findings in 
Zululand and Tanganyika, it has hitherto been found only within a limited 
area extending from the northern shores and islands of Victoria Nyanza into 
western Uganda and, over the border, into eastern Belgian Congo. 

The apparent rareness of this trypanosome, on the one hand, and its 
similarity to T. vivax, on the other, have led to some scepticism regarding the 
independent status of T. uniforme. This attitude found expression at two 
conferences on trypanosomiasis recently held in Entebbe, Uganda. 

*In the " List of Blood Parasites Collected in Uganda” (Hoare, 1932 : p. 222) 
T. unijorvie was inadvertently attributed to the bushbuck {loc. cit.. No. 31), though this 
parasite was actually found in the situtunga ; whereas T. ingens — ascribed to the last-named 
antelope {loc. cit., No. 27) — was found in the bushbuck. 

fA collection of blood-films taken from bovines on Buvuma Island,- Victoria Nyanza, 
was kindly given to one of us (C.A.H.) by Dr. G. N. Hall. The films from two of the 
bovines represented pure infections of T. uniforme, while others were infected with 
T. congolense, T. vivax and T. bnicei. However, the occurrence of T. uniforme was not 
recorded in Hall’s report of trypanosomiasis on Buvuma Island [Report of Veterinary 
Pathologist : In Ann. Rept. Vet. Dept., Uganda, for 1927 (publ. 1928), Appendix I, p. 22], 
fLike the bushbuck, the situtunga was formerly included in the genus Tragelaphus, 
from which it was subsequently removed to the genus Limnotragus. However, in view 
of the successful hybridization between these two antelopes (cf. H. L. Duke, 1934, Uganda 
J., 2, 159) it would appear that they should both be retained in the same genus, Tragelaphus. 
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2. Trypanosoma rmiforme. 


Strain H : Situtunga, from Uganda {ppt. C. A. Hoare, 1928). 

Strain I : Bovine, from Burama Island, Uganda (ppt. Dr. G. N. Hall, 1927). 
Strain J : BoUne, from Buvuma Island, Uganda (ppt. Dr. G. N. Hall, 1927). 
Strain K : Bovine (No. S7), from Belgian Congo (ppt. Dr. J. ScnwETZ, 1928). 
Strain L : Bovine (No. IS), from Belgian Congo (ppt. Dr. J. Schwetz, 1928), 


Since the only appreciable difference between T. viva.x and T. uniforme 
is the length of their body, this was the only character taken into consideration 
in comparing the two speeies. In eaeh of twelve strains the length of 100 non- 
dividing individuals was measured*', taking the trypanosomes in the order 
in which they appeared in view. The measurement of each was made by 
drawing (^dth the aid of a camera lucida at X 2,500) a line running through the 
middle of the body of the trypanosome, from the posterior end to the tip 
of the flagellum, and measuring this line with a divider set at 1/20 inch 
(= ca. 0-5 X 2,500t). 

One hundred measurements were originally made on a few strains as a 
preliminar}’, but, as will be shoum later, it proved possible to differentiate 
most of the strains vdth these figures, so that larger numbers were considered 
unnecessar}% 

To compare the strains and species with each other the Arithmetic Mean 
or Average (RT) of each series of measurements, and the Standard Errors of the 
Differences between the means (cr^) were calculated. The latter characteristics 
are obtained as follow’s : From the Variance (1^ of each series, which is the 
mean of the squares of the de\’iations of the values from the arithmetic mean, 
the Variance of the Mean (F^/) is obtained by dividing the variance (V) by the 
number of obsen'ations in the series. The variances of the two means to be 
compared are added together and the square root of their sum is the Standard 
Error of the Difference between the means, i.e., cr^ = V^Af + The 

standard errors of the differences are, of course, calculated separately for each 
pair of means. 

VTien the difference between two means exceeds three times the standard 
error the means are considered to differ significantly and the two series of 
measurements c ann ot have been drawn from the same original “ population.” 
Or, in other words, as regards the present case, that there is a real difference 
between the two strains. The results obtained by applying the test are 
described later. 

*In the case of the Tanganyika strains of T. vivax (M and N), the preparations of 
which were received when this paper was ready for the press, only ten individuals of each 
have been measured, according to the method described on p. 531. 


fActually 1/20 inch = 0'49125/x x 2,500. 
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to Laveran and Mesnil (1912 : p. 552) : “ Le Tr. miiforme est tres voisin du , 
Tr. Cazalboui [= T. vivax] ; peut-etre les deux tiypanosomes appartiennent-ils 
a la meme espece ” ; Wenyon (1926 : p. 565) says : “ It is open to question 
whether they [T. vivax, T. caprae and T. uniforme] represent distinct species 
or should be regarded as merely varieties or races of T. vivax ” ; Schwetz 
(1931) characterizes T. uniforme as “ un petit T. vivax," and raises the same 
question : “ S’agit-il de deux especes differents ou T. vivax et T. uniforme 
ne sont-ils que deux varietes de la meme espece . . . ? ” 

From the foregoing account it is seen that the systematic position of 
T. uniforme is still a subject of controversy and stands in need of further 
investigation on a larger scale and by more exact methods than has hitherto been 
attempted. In the past the systematics of trypanosomes has suffered both 
from the separation and from the union of species on inadequate grounds 
(examples of the former case are provided by the brucei and evansi groups, and of 
the latter by the congolense group). The same fate threatens the members 
of the vivax group, unless their position can be defined one way or another, 
according to the recognized principles of taxonomy. 

Having secured a representative collection of blood-films of both T. uniforme 
and T. vivax we have undertaken a comparative morphological study of these 
two trypanosomes by statistical methods, in the hope of elucidating their true 
relationship. 


III. — Material and Methods, 

The material at our disposal consisted of blood-films (stained by one of the 
Romanowsky methods) taken at various periods, in different localities, from 
diverse natural hosts (except in the case of Strain G : v. infra), and representing 
altogether fourteen strains, as shown below.* 


1. Trypanosoma vivax. 

Strain A : Bovine (Ox E), from Mauritius {praeparavit Dr. A. R. D. Adams, 1935). 
Strain B : Bovine (Ox A), from Mauritius (ppt. Dr. A. R. D. Adams, 1934). 

Strain C : Bovine, from Uganda (ppt. Dr. J. Carmichael, 1934). 

Strain D : Bovine (No. 9415), from Northern Nigeria (ppt. Dr. G. N. Hall, 1936). 
Strain E : Bovine (No. 9352), from N. Nigeria (ppt. Dr. G. N. Hall, 1936). 

Strain F : Caprine, from N. Nigeria (ppt. Dr. G. N. Hall, date ?). 

Stran G : Rabbit (1st passage from bovine), from N. Nigeria (ppt. Dr. G. N. Hall, 

Strain M : Bovine (No. 4730), from Tanganyika (ppt. Mr. H. E. Hornby, 1937). 
Strain N : Bovine (No. 3626), from Tanganyika (ppt. Mr. H. E. Hornby, 1937). 


*We take this opportunity to acknowledge our indebtedness to Dr. A. R. D. Adams, 
Dr. J. Carmichael, Dr. G. N. Hall, Mr. H. E. Hornby and Dr. J. Schwetz, who kindly 
provided the blood-films. 
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Karl Pearson (1914), who made an extensive analysis of Bruce’s measure- 
ments of the briicei group of tr}^panosomes, concluded that a more adequate 
criterion of identity of strains is furnished by the X' test which compares the 
distribution of the individuals throughout the whole range of measurements. 
This method of comparison was therefore used also. 

When comparing two strains by this test the measurements are first grouped 
into classes. The classes chosen depend on the number in the series and the 
range of the measurements, but in the present instance intervals of Ip. w^ere 
adopted. Thus, for example, all lengths between 15p and 16p were grouped 
together in one class, and so on. Each class is then treated separately. The 
difference between the numbers of the two strains in the class is squared and then 
divided by the total number in the class. These quotients are added to give 
X*. The probability that such a value of x" could arise by chance between 
two samples drawn from the same population is obtained from appropriate 
tables. If the probability is less than 0-01, a real difference is assumed to exist 
between the two strains. The results of this test also are referred to below. 


IV. — Measurements of T. vivax. 

The distribution in respect of length of 100 individuals of each strain 
of T. vivax (except M and N), grouped in classes of Ip, is given in Table I and 
illustrated in Text-Fig. B. 


Table I. 

T. vivax : frequency distribution of 7 strains in respect to length. 


Strains. 

Length in Microns. 

Total 

No. 

Mea- 

sured. 

Mean 

Length. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

A 

— 


— 

3 

3 

8 

19 

25 

20 

12 

6 

4 

0 

1 

100 

26-4 

B 

— 



1 

2 

8 

18 

21 

30 

16 

4 

1 

— 




100 

24-5 

C 

— 

1 

7 

14 

30 

25 

14 

3 

4 

2 

— 

— 

— 

— 

100 

00.7 

D 

1 

0 

5 

HI 

41 

16 

8 

— 

— 


— 

— 

— . 

— 

100 

OO.'] 

E 

— 

— 

7 

IS 

29 

19 

20 

5 

o 

1 

— 

— 

— 

— 

100 

22-7 ' 

F 

I 

9 

29 

HI 

22 

3 

— 

— 

— 

— 

— 




— 

100 

21-0 

G 

— 

— 

o 

10 

43 

19 

20 

6 

— 

— 


— 

— 

— 

100 

22-8 

Total 

o 

1 - 

! 

i 

61 

HI 

176 

10? 


69 

41 

19 

6 

4 


1 
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In the histograms the area of each rectangle isj of course, 
proportional to the number of measurements in the corresponding 
class. From the table it is seen that the mean lengths of the strains vary from 
21-0/x to 25-4/x and the complete range of length is from 18/x to 31 /x, though 
over 90 per cent, of the measurements lie within the limits 20^ to 26/r. ■ 

The blood-films of the Tanganyika strains of T. vivax (M and N) were 
received too late for yiclusion in the tables and text-figures. The lengths of 
ten individuals of each strain ranged from 25-5/Lt to 28-0/^ in M, and from 21 "5/^ 
to 30-0/i in N, the means of these measurements being 26-7/ti. and 2Q-0ij. 
respectively, which is in agreement with the corresponding figures for the other 
strains of T. vivax examined by us (see p. 531). 

It is of interest to compare the present findings with those of previous 
observers. Bruce et al. (1910) examined nine strains of T. vivax derived from 
natural infections in cattle. The mean length of twenty individuals varied 
between 21-4/x and 26-5 ix, which is in accord with our means of ten measurements 
which range fro^ 20-5/x to 27-3fx (see p. 531). Blacklock (1912) inoculated 
a single strain into a number of gpats and measured 1,000 trypanosomes in groups 
of twenty taken from different aniihals at various stages of the disease. The 
means of the groups are not all given, but he states that “ in each set dealt with 
. . . the largest number of trypanosomes constantly lies between 20/x and 23[x.” 

V. — Measurements of T. uniforme. 

The frequency distributions of the lengths of the strains of T. uniforme 
are shown in Table II and in Text-Fig. C in the same way as in the case of 
T. vivax. Here the means vary from 14-6;x to 16-5/i and the range is 12fx 
to 20^, with over 90 per cent, between 13/i, and 17 [x. 


Table II. 


T. umfonne : freque,ncv distribution of 5 strai.ns in respect to length. 


Strains. 



Length 

in Microns. 



Total No. 
Measured. 

Mean Length. 

12 

13 j 

14 

15 

10 

t 

17 

18 

19 

20 

H 

3 

15 i 

35 

30 

15 

2 







100 

14-6 ' 

I 


4 ' 

19 

26 

31 

16 

'3 

1 

— 

100 

15-7 

J 

O 

9 

2G 

1 33 

26 

4 


— 

— 

100 

15-0 

K 

i 

1 

9 

1 7 

36 

36 

8 

1 

2 

100 

16-5 

L 

1 — 

3 

11 

i oo 

1 

31 

22 

8 

3 

— 

100 

16-1 

Total 

' o 

32 

100 

: ns 

139 

so 

19 

5 

2 

300 
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Strain L. Strain I. 




Microns. 

Strain H. Strain K. Strain J. 



Microns. 


Text-Fig. C : Histograms illustrating the frequency distribution of five strains of T. unijorme 

in respect of length. 

As regards earlier observations, Bruce et al. (1911) measured groups of 
twenty trypanosomes drawn from different animals and representing four 
original strains. The mean lengths varied between 14‘7/i and 17-8/Lt. Fraser 
and Duke (1912b) studied one strain which they inoculated into oxen and goats. 
Their means of twenty measurements ranged from 14T/x to 17-2/x. These 
observations also correspond to our means of ten measurements (see p. 531), 
which lie between 14T/^ and 17-3/x. 

VI. — General Discussion. 

1. statistics. 

Before comparing the two species, T, vivax and T. uniforme, with each 
other one must determine to what extent the strains of each species differ 
among themselves. Ideally it would be found that each species could be 
considered as one population and the strains as samples drawn from it, unaffected 
by host or previous history and differing from each other only by the errors 
introduced by random sampling. To decide whether this is a valid assumption 
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N 


each strain was compared with ever}’’ other of the same species, using the two 
tests outlined above. 

The probabilities that the differences observed in the means and distribu- 
tions are due to chance are shown in Tables HI to VI.* In Tables III 
and V the distributions are compared by the 7," test. In 14 of the 21 
comparisons of T. vivax strains and in 4 of the 10 of T. wiiforme the 
probability is less than 10"®, i.e., the odds are more than a million to one against 
such differences being the result of chance. In the other cases the probability 
is greater, in fact, the difference between strains C and E is so small that in 
8 out of 10 samples drawn from the same population similar divergencies 
would be expected. The results of the tests by comparing the means are 
shown in Tables and ^'I. The probabilities that the strains are identical 
are very similar to those obtained by the x- test. 

Table III. 



A 

B 

C 

D 

E 

F 

G 


Table IV, 

Tables III and IV. — The probability that the observed differences in the frequency 
distributions in respect of length (Table III) and the differences of the mean lengths 
(Table IV) of the str ains of T. znvax could be the result of chance. 

tables referring to the differences of the means and the differences in the 
distributions respectively for each species, though independent, are coupled together to 
economize space. 
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It is thus seen that the majority of strains of each species must be con- 
sidered to differ significantly, in a statistical sense, as regards both the mean 
length and also the distribution of individuals throughout the range of measure- 
ments. However, from the systematic point of view, the strains of each species 
must be classed together in one group because there is no real break in the 
variation of length of the individuals betvv'een one strain and another (cf. 
Tables I and 11). 

Table V. 


H I j K L 



H I j K L 


Table VI. 

Tables V and VI. — ^The probability that the obsen^ed difTercnces in the frequency distri- 
butions in respect of length (Table V) and the differences of the mean lengths (Table VI) 
of the strains of T. uniforme could be the result of chance. 

Since the different strains of each species cannot be looked upon as samples 
of a single population it is impossible to combine all the series of measurements 
and treat them together statistically, when comparing the two species. One 
cannot, therefore, base a method of differentiation on the normal curves fitted 
to all the measurements. For purely diagrammatic purposes, however, these 
curves are shown in Fig. D, superimposed on the histograms of the total 
distributions, because they give an illustration of the independence of the two 
species and also indicate the area within which they overlap. The common range 
extends from 18^ to 21 p, but, as is shown in Table VII, from 90 to 100 per 
cent, of the measurements of the various strains of both species lie outside these 
limits, except in the case of T. vivax Strain F. Even in that special instance, 
where 39 per cent, of the measurements are within the zone of overlap, it is to be 


« 
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noted that twenty-nine of these are 20/r, whereas only two individuals of the total 
500 T. nnijorme reach that length (cf. Table II). 

Table VII. 


T. vivax. 

Percentage of individuals more than 21/i long. 
Strain A ; 100 

B : 99 

.. C : 92 

D : 94 

„ E ; 93 

.. F: 01 

G : 98 


T. uniforme. 

Percentage of individuals less than 18^ long. 
Strain H : 100 

„ I : 99 

„ J : 100 

„ K : 97 

„ L : 97 


T. uniforme T. vivax 



Microns. 

Text-Fig. D : Histograms illustrating the frequency distribution in respect of length, of 
500 specimens of T. unifomie and 700 T. vivax, with normal curves fitted to the data super- 
imposed. (Continuous line — T. uniforme ; broken line — T. vivax. ) 

The overlapping of measurements among the different strains of each 
species was used as an argument for grouping them together. The question 
arises, therefore, whether one is justified in differentiating the two species on 
the criterion of length alone, considering that individuals of both species may 
fall within the range 18/x to 21 p, and that there is no other significant morpho- 
logical difference between them. In our opinion this can legitimately be done 
because of the infrequency of these overlapping measurements. Their relative 
unimportance was demonstrated in the following manner : In the original 
senes of measurements the trypanosomes were drawn as they appeared in the 
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film and therefore tlicy constituted true random samples. Each series was 
divided up into groups of ten in the order in which they had been measured. 
The mean of each group was calculated, giving ten means for each strain, and 
a total of seventy^ means of ten measurements for the strains of T. vivax and 
fifty means for the T. uniforme strains. 

The means of these small groups varied, of course, more than the means 
of 100, the ranges being from 14-07 /x to 17-28/t for T. uniforme and from 20-75fi 
to 27-30/x for T. vivax. The frequency distribution of these means, grouped 
into classes of 0-5/x, is shown in Fig. E. It is seen that the means of each 


T. uniforme T. vivax 



Microns. 

Text-Fig. E : Histograms illustrating the frequency distribution of 50 means of T. uniforme 
and of 70 means of T. vivax, each mean obtained from a group of 10 measurements. 

species form a continuous group, but that there is a considerable gap between 
the two. In no case was the mean of ten measurements of T. uniforme more than 
17-5/u. or the mean of ten T. vivax less than 20 -5 /x.* 

Judging by these results it should, therefore, be possible in practically 
all cases to differentiate these two species by measuring the lengths of only 
ten trypanosomes. If the mean length is less than IS/x the infection is 
T. uniforme ; if greater than 20 /x it is T. vivax. In the unlikely event of the 
mean lying within these limits a larger series of measurements must be made 
to determine whether one is dealing tvith a sample of unusually long T. uniforme 
or unusually short T. vivax. In the former case, additional measurements 
should reduce the mean, and in the latter should increase it. 

2. SYSTEMATICS. 

In the foregoing statistical analysis it has been established that the two 
sets of strains referred to T. vivax and T. uniforme respectively actually fall into 
two distinct groups, which correspond to these species and are characterized 

*As was shown on p. 526, similar results were obtained with the Tanganyika 
strains of T. vivax (M and N) measured by this method. 
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by differences in the mean lengths and in the range of lengths of the trypano- 
somes. Though these measurements overlap, the degree to which they do 
so is negligible, since from 90 to 100 per cent, of the measurements in both 
species lie outside the zone of overlap. The diversity of the two groups is 
further demonstrated by the fact that the measurement of ten randomly selected 
representatives of each is sufficient to differentiate them. 

We now turn to the bearing of these data upon the systematic position of 
the two groups of trypanosomes under consideration. In the present investiga- 
tion the difference in length, which originally served as the criterion for the 
recognition of T. imiforme as a species independent of the allied T. vivax, has 
been fully confirmed, extended, and established as a constant character. There 
can, therefore, remain no doubt that these two forms represent independent 
and easily distinguishable systematic units. 

As was shown in Section II (p. 521 et seq.) the controversy regarding the 
relationship between T. vivax and T. uniforme was concerned, on the one hand, 
with the very existence of T. uniforme as a distinct parasite, which was challenged ; 
and, on the other hand, with the precise systematic position of this trypano- 
some. The first part of the problem has now been solved, and the position 
of T. imiforme, as a parasite distinct from T. vivax, firmly established. As 
regards the exact systematic status of T. uniforme, the choice lies between 
retaining it as an independent species or assigning it to T. vivax with a sub- 
ordinate rank. 

It is usual to separate allied groups of animals as species, when the structural 
characters distinguishing them do not intergrade, i.e., when there is a morpho- 
logical gap between the groups and intermediate or transitional forms are 
absent. If one group intergrades with another group, from which it differs in 
certain constant morphological features, i.e., when the two are connected 
by transitional forms, they are regarded as subspecies (or races) of the same 
species. Systematic units of lower grades, being distinguishable by inconstant 
characters, need not be considered here. 

Since the measurements of length, which distinguish T. uniforme from 
T. vivax, slightly overlap (cf. Fig. D), i.e., the two are connected by transitional 
forms, it would seem that T. uniforme may be regarded as a subspecies of 
T. vivax, in which case they should be designated as T. vivax uniforme and 
T. vivax vivax respectively. However justifiable this course may be on formal 
grounds it is undesirable for several reasons. One of these is that, although the 
systematic units within the various subdivisions of the animal kingdom are not 
equivalent, they should at least have the same value within the limits of a given 
group, such as genus. In other words, the degree of distinction between the 
species of the same genus should be of the same order (cf. Hoare, 1936a). 
Within the genus Trypanosoma specific rank has in many cases been given to 
forms morphologically indistinguishable (e.g., in the brucei and evansi groups) 
or intergrading (e.g., in the congolense group). These and other similar forms 
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Table I. 


Strain. 

Name. 

1 

Sex. I Age. 

Day of 
Illness. 

Blood 

Culture. 

Sputum. 

Type. 

Remarks. 

1 

J.D. 

M. 

58 

10 th 

Negative 

Positive 

Group IV 

Agglutinating serum 
prepared. 

0 


M. 

20 

7th 





3 

O.D. 

M. 

.35 

3rd 





4 

P.M. 

M. 

45 

0th 

Positive 

** 

,, 


5 

D.A. 

M. 

17 

5th 

Negative 

„ 



6 

D.L. 

M. 

28 

4th 





- 

G.L. 

M. 

36 

p 




Avirulent for mice. 

- 

M.O. 

M. 

40 

9th 



— 


- 

A.L. 

M. 

20 

4th 



— 

»» It 


V. 

M. 

t 

40 

4th 




Virulent for mice. 
Patient died of 
acute appendicitis 
— no pneumonia. 


to this method, doses of 0*5 c.cm. of an emulsion obtained by re-suspending 
the centrifuged deposit from a measured volume of a 24-hour growth of the 
organism in half the amount of normal saline, after the organisms had been 
killed by heat, were inoculated intravenously into a rabbit. The inoculations 
were given every day for 6 days, followed by 1 week of rest, over a period of 
6 weeks. Although this was rather a troublesome and lengthy method, a good 
agglutinating serum with a titre of 1 in 80 was obtained. (The agglutination 
of the rabbit’s serum to the homologous organism before the inoculations were 
commenced was 1 in 2|, doubtful.) 

The first six strains of pneumococci obtained were tested against this serum ; 
the results were inconclusive — complete agglutination did not take place in any 
tube, and partial agglutination was noted in the low dilutions only. Suspensions 
of these strains were preserved, and were tested later against standard Type 
Sera I, II and III. It was found that all six strains failed to agglutinate with 
any of these. Unfortunately it was not possible to submit them to further 
typing. The first six strains isolated (Table I) were therefore considered to be 
Group IV pneumococci ; it is to be noted that only one of these was obtained 
by blood culture. In three other cases examined at this time, the sputum 
showed diplococci suggestive of pneumococci, but emulsions of the sputum 
proved avirulent for mice. One case with virulent pneumococci in the 
sputum died of appendicitis and not pneumonia. 

In order to be certain that the pneumococci investigated were actually 
pathogenic, it was decided in December, 1936, to work only with strains obtained 
by blood culture. Doubt as to the pathogenicity of strains obtained from sputa 
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Summary and Conclusions. 

In the first series of cases, six virulent strains of pneumococci were isolated 
(one by blood culture). All these were found to belong to Group IV. Three 
cases in which diplococci morphologically suggestive of pneumococci occurred 
in the sputum were found to be avirulent for mice. One case with virulent 
pneumococci in the sputum died of acute appendicitis with no gross lung lesion. 

In the second series, twenty-nine blood cultures were made, of which 
thirteen were positive for pneumococci and were identified as shown in Table II. 
Two strains died before final typing could be carried out, but these werd not 
Type I, II or III. Two strains failed to grow on subculture from the original 
blood cultures. Sixteen blood cultures were negative. 

This short and admittedly incomplete investigation unfortunately had to 
be discontinued for lack of time. The findings would seem to show that the 
pneumococci prevalent in Lagos during the period under consideration were 
mainly types included under “Group IV pneumococcus.” Only one Type II 
pneumococcus was isolated during the investigation, and it would be interesting 
to know if such a finding is representative : no conclusion can of course be 
drawn without knowing the findings in a larger number of cases. If the results 
were confirmed, the question of the use of Type I or Type II therapeutic 
serum would not arise. 

I am indebted to Dr. R. Briercliffe, Director of Medical Services, Nigeria, 
for permission to publish, and to Dr. J. A. Young for his assistance and guidance 
in this work, and for his kindness in arranging that Strains 8, 11, 12, 13, 14, 
16, 17 and 18 were sent to Dr. F. Griffith, Ministry of Health Laboratories,. 
London, who was good enough to undertake the final typing. 
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US as believing that this is a subject well worthy of investigation under tropical 
conditions. 

In the course of work upon the aetiology of blackwater fever we have 
examined, with controls, a number of cases of malignant tertian malaria with 
respect to the haemoglobin content of the “ true ” plasma. 

Technique. 

The technique employed has been, essentially, that of Fairley and Brom- 
FIELD (1933). Particularly in hot weather we have regarded it as important, in 
the collection of blood under sterile liquid paraffin, to avoid strong suction with 
the syringe, or great pressure in introducing the blood below the paraffin in the 
centrifuge tube ; and, when the sample is in the tube, only gentle inversion, 
with rapid rotation, is permissible for mixing with the neutral oxalate. 

The spectroscopic method for quantitative estimation of blood pigments is 
practically that of Bloem (1933) — long used in general chemical procedure — 
but a standard glass cell having optically parallel sides and giving a thickness 
of column viewed of 13 mm. is used. We arranged a wood block to hold the 
spectroscope and glass cell in front of the microscope lamp. 

To determine the sensitivity of the apparatus for oxy haemoglobin and 
methaemoglobin, the oxygen capacities of eight samples of oxalated blood 
were determined by treatment of the fully aerated blood in the Van Slyke 
volumetric gas apparatus, and thence the haemoglobin content calculated, as 
grammes per 100 c.c., by multiplying by 0-746. 

(a) Oxy haemoglobin. 

Of each of the bloods an accurately measured quantity (0-2 c.c.) was 
diluted with distilled water until the a band of the spectrum just disappeared, 
and so the dilution to which any one volume of that . blood could be so diluted, 
was arrived at. (Averages of at least two trial dilutions were taken in each case, 
and then the average taken for the eight blood samples.) Division of the 
haemoglobin content by the dilution factor gives the lowest concentration of 
oxyhaemoglobin detectable with the particular apparatus. 

We have adhered to expression of concentrations in mg. per 100 c.c. rather 
than in percentages of any standard because the majority of biochemical estima- 
tions are commonly so recorded and because the standard of Haldane (oxygen 
capacity 18-5 vols. per cent., Hb., 13-8 grammes per 100 c.c.) hardly represents 
the average for any large number of healthy adults at high altitude in the tropics 
(altitude here is 3,800 feet above sea level). 

(6) Methaemoglobin. 

A further sample of each of the oxalated bloods was used for production 
of methaemoglobin by the method of McEllroy (1920), and after standing 
for 5 minutes, was diluted and observed as for oxyhaemoglobin.. 
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Table I. 


Day of Illness. 


Case I. V.deW. 


7th (approximately). 


Blood 

Haemoglobin per cent, of 15 -6 grammes 
per 100 c.c. 

Erj'throcytes — millions per c.mm. 
Leucocytes per c.mm. 

Film examination 


1 


1 86 
I 4-08 

1 15,687 

' Fairly numerous M.T . 
I parasites. Phago- 
I cytosis of R.B.C.’s 
1 noted 


True Plasma 
Pigments — 

Methaemoglobin 

O.xThaemoglobin — mg. per 100 c.c. 
Bilirubin. Van den Bergh Reaction 
Direct 
Indirect 

COj combining power. Vols. per cent. 
Inorganic phosphates : mg. per 100 c.c. 
Phosphatase : Jenner and Kay units 
Serum 

Calcium ; mg. per 100 c.c. 

Lipase : 0’5 c.c. liberates fatty acids 
equivalent to N/jo NaOH 
Free haemolysin 
Whole Blood. Group O 
Uric acid ; mg. per 100 c.c. 

Urea : mg. per 100 c.c. 

Amino-acid N. : mg. per 100 c.c. 
Cholesterol ,, „ 

„ erythrocytes „ 

Lecithin 

„ ineiy-throcytes ,, „ 

Lipin P. 

.. in erj’throcytes „ „ 

Blood Pressttre. mm. Hg. 

Systolic 
Diastolic 
Ptdse Rate, per minute 
Urine 
pH 

Ketones 

Reducing substances 
Albumin 
Pigments — 

Met- and Oxy-haemoglobin 
Urobilin 
Quantity 


Nil 
60 

Negative 
2 units 
57-7 
4-7 
36 

13 

0'21 c.c. 

Nil 

4-54 

60 

5 

220 

247 

545 

646 

21-7 

27-7 

104 

70 

50 

Less than 3-5 
Diacetic acid present 

Nil 

Distinct trace 
Nil 

Present 

Small 


Collected and measured from noon on j 
8th dav onwards I 

I 

Deposit — only occasional tube casts seen. 1 
No pus, R.B.C.’s or other abnormality. | 
Culture — on one occasion — sterile 


8th. 


SO 

6-3 

14,375 


Nil 

30 

Negative 
0-5 unit 
60 
2-6 
33-6 

10-8 

0-1 c.c. 
Nil 

3-3 

38 

4 

226 

271 

537 

22-7 


110 

60 

56 


P.M., 12.15, 130 c.c. , 
3, 240 c.c. ; 8, 100 c.c. 
A.M., 6, 220C.C. ; 9,500 
c.c. ; II, 400 c.c. 
i.e., 690 c.c. in 21 hours, 
but 900 c.c. in next 3 
hours, so total 1,590 
c.c. in 24 hours 
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Case II. — E.P., a man of 40, who had no major attack of malaria for 9 years. Blood 
films showed a very heaty M.T. infection — many erythrocytes containing two “ ring ” 
forms, and numerous extracellular parasites were seen. There was some hyperpyrexia, and 
the temperature was above 102° F. during the greater part of 3 days. Great restlessness, 
severe headache and loin pains were features of the attack. The considerable blood destruc- 
tion {vide Table II) did not produce much jaundice. The pulse was slow (54 to 56 per 
minute) on the 2nd and 3rd days — before any jaundice showed — and normal on the 4th 
day. Praecordial distress was marked just before the heart rate became reduced. 


Table II. 


Case II. E.P. 

Day of Illness. 

1st. 

2nd. 

3rd. 

1 4th. 

Blood 





Haemoglobin per cent, of 15 -6 





grammes per 100 c.c. 

100 

no 


SC 

Eiythrocytes : millions per c.mm. 

6-2 


4-8 

4-31 

Leucocytes per c.mm. 

4,000 

5,937 





Very heavy 



Parasites 



M.T.infection. 

1 

present 



Many cells, two 



Film examination -< 


rings in a cell. 





and extra cellu- 




True Plasma 

1 lar parasites 



* 

Pigments — 

L 

seen 




Methaemoglobin 


Nil 



Oxj-haemoglobin : mg. per 100 c.c. 


22-5 



Bilirubin : Van den Bergh Reaction 





Direct 


Negative 



Indirect 


2 units 



Inorganic phosphate : mg. per 100 c.c. 


2-9 



COn combining power. Vols. per cent. 


70 



Phosphatase : Jenner and Kay units 


4-54 



Whole Blood 





Uric acid : mg. per 100 c.c. 


2-38 



Urea : mg. per 100 c.c. 


ei-5 


53-3 

Amino-acid N : mg. per 100 c.c. 


6-3 



Blood Pressure : mm. Hg, 





Systolic 

124 

130 


126 

Diastolic 

SO 

SO 


90 

Pulse Rate per minute 

110 

54 

56 

74 

Urine 





pH 


About 3 



Ketones 


Nil 



Reducing substances 


Nil 



Protein : per cent. 


0-03 

0-028 


Pigments : Met- and o.xyhaemoglobin 


Nil 



Urobilin 


Present 



Quantity : 24 hours 



580 c.c. 

l,300c.c. 

Deposit 


Numerous 


Casts 



epithelial and 


scanty 



granular tube 





casts 

^ ! 
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Table I. 


Day of Illness. 


Case I. V. deW. 


7th (approximately). 


Sth. 


Blood 

Haemoglobin per cent, of IS- 6 grammes 
per 100 c.c. i 

Erythrocj’tes — millions per c.mm. 
Leucocytes per c.mm. 

Film examination 


86 

4-68 

15,687 

Fairly numerous M.T. 
parasites. Phago- 
cytosis of R.B.C.’s 
noted 


True Plasma 
Pigments — 

Methaemoglobin 

Oxj’haemoglobin — mg. per 100 c.c. 
Bilirubin. Van den Bergh Reaction 
Direct 
Indirect 

COj combining power. Vols. per cent. 
Inorganic phosphates ; mg. per 100 c.c. 
Phosphatase : Jenner and Kay units , 

Serum i 

Calcium : mg. per 100 c.c. j 

Lipase : 0-5 c.c. liberates fatty acids | 
equivalent to N/io NaOH j 

Free hacmolysin 
Whole Blood. Group O 
Uric acid : mg. per 100 c.c. 

Urea : mg. per 100 c.c. 

Amino-acid N. ; mg. per 100 c.c. 
Cholesterol ,, ,, 

„ erythrocytes „ 

Lecithin 

„ in erythrocytes ,, ,, 

Lipin P. 

., in erj'throcytes „ „ 

Blood Pressure, mm. Hg. 

Systolic 
Diastolic 

Pulse Rate, per minute 
Urine 
pH 

Ketones 

Reducing substances 
Albumin 
Pigments — 

Met- and Oxy-haemoglobin 
Urobilin 
Quantity 


Collected and measured from noon on 
Sth day onwards 

Deposit — only occasional tube casts seen. 

No pus, R.B.C.’s or other abnormality. 
Culture — on one occasion — sterile 


Nil 
60 

Negative 
2 units 
57-7 
4-7 
36 

13 

0-21 c.c. 

NU 

4-54 

60 

5 

220 

247 

545 

646 

21-7 

27-7 

104 

70 

50 

Less than 3-5 
Diacetic acid present 
Nil 

Distinct trace 
Nil 

Present 

Small 


80 

6-3 

14,375 


Nil 

30 

Negative 
0-5 unit 
60 
2-6 
33-6 

10-8 

0-1 c.c. 
Nil 

3-3 

38 

4 

226 

271 

557 

22-7 


110 

60 

56 


P.M., 12.15, 130 c.c. 

3, 240 c.c. ; 8, 100 c.c. 
A.M., 6, 220 c.c. ; 9, 500] 
c.c. ; 11, 400 c.c. 
i.e., 690 c.c. in 21 hours, ^ 
but 900 c.c. in next 3| 
hours, so total 1,590 
c.c. in 24 hours 


f-, II.—E p '‘O^GT ,t.\D r 

shelved 3 S’ of 40 .vhoK . 
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' ^lood 
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E'^^WPerlODcp™'- "'■ 'P<= 
•^r>Tiiroc\-res • r»,-ii- ’ 

•Leucocj-tes De- c ‘^-mm. 

c.min. 


ht. 


Illness. 


^tb. 




r 


Plasma 
^‘Sments — . 

^S'^'^oslohir, I 

'»0oc 
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0-2 

■ 1,000 
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^gs in a eeJJ 

parasites 
seen 


Ho 

5,037 


4-S 


Parasites/ 

present 


-\il 




-'^epadfe 
~ Units 


4 -.5-1 


2-3S 

O‘i -5 

C-3 


34 


53-3 


50 


, ^y^erous 
and 

^‘•^ular tube 
Casts 


^,300c,c,j 
Casts 
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Case III. 

Mrs. W. E., aged 58, a woman said to be experiencing a primary attack of malaria, 
she was new to the tropics and very frightened and nervous. 

The blood showed a heavy M.T. infection, which responded promptly to specific 
treatment without development of anaemia or icterus. 


Table III. 


Case III. Mrs. W. E. 

Day of Illness. 


2nd. ! 

3rd. 

4th. 

Blood 




Haemoglobin per cent, of 15-6 

1 



grammes per 100 c.c. 

' 92 ! 


110 

Erythrocytes : millions per c.mm. 

i i 



Reticulocytes, per cent. 




Leucocytes, per c.mm. 

■' 7,024 



Film examination 

1 Heaty M. T. in- 




{ fection 



True Plasma 




Pigments — 

i 



Methaemoglobin 

' Nil 



O.xyhaemoglobin : mg. per 100 c.c. 

35 



Bilirubin : Van den Bergh Reaction 




Direct 

Negative 



Indirect 

2-2 units 



Inorganic phosphate : mg. per 100 c.c. 

1 3-4 



COg combining power. Vols. per cent. 

1 64-3 



Phosphatase: Jenner and Kav 




Whole Blood 




Uric acid: mg. per 100 c.c. 

i 3 



Urea : mg. per 100 c.c. 

! 42 

44-4 

36 

Urine 

i 



pH 

About 5 

C-5 

7 

Ketones 

Nil 

Nil 

Nil 

Reducing substances 

1 



Protein : per cent. 

! 0-03 

0-036 

0-028 

Pigments : Met- and oxyhaemoglobin 

Nil 

1 Nil 


Urobilin 

1 c.c. diluted to 

i 1 c.c. may be dilu- 



2-5 shows spectrum 

ted to 4-55 c.c. 


Deposit 


Numerous hyaline 

Fewer 


! 

and granular casts. 

casts 



no pus orR.B.C.’s 




fli. 




' ^lood 

per e. ' ' 

^Perjoocc 

^mhrocvtes .' • , 

p "c 


^^Sntents — 

^e^aemog;ob/n 

r^yhaemoryUu- 


-^aen.o,;ob/n 
^^yAaemog/obfn • 


•*-'irect * 

^^2 combinino- 

^norp-aniV t ^ Po'ver. Vn/ 

aole„“ 5 f'"« 0 c.c. 

7- " (ceJM -^00 c.c. 

■'-ecfthm ■ ^ 

Ceil ^ 

^atones i 

ProZT^ ®“^®fances , ' 

^^Srnents • n/r . ! 


00 

6 -So 

.' '.500 

i’canty 

j^g‘;«^^us^n7a;bbn7or' 

p-sns''- 

I 


I 


7 o -8 
2-5S 
3 


■About 6-0 

Nil 

^'o Wcrease 

Nil 

abnortna; 


abnormal 
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Two of the oxalated blood samples examined in connection with Cases I— IV. showing 
oxyhaemoglobinaemia were transported bj' road before being studied in the laboratory. 

These were the second sample taken in Case I (\^. de W.) and the one from Case II 
(E.P.). The first of these was carried 24- miles over a fair road; and will be seen to show 
less oxyhaemoglobin in the plasma than the first sample taken in the case which was 
examined at once without being transported at all ; the second was carried just over 
1 mile along an excellent road. 

Air temperature was not high on either of these occasions. 


Table V. 


Pncp V H \T P 

1 

, Day of Illness. 


' 2nd. 

4th. 

Blood 

1 


Haemoglobin per cent, of 15-0 grammes per 100 c.c. 

i SO 

SO 

Erythrocytes : millions per c.mm. 

4-15 

4 

Leucocytes : per c.mm. 

; 5,312 

7,500 

Film e.xamination 

Heavy' M.T. infection 


! 

gametocytes numerous 


True Plasma 



Pigments — 

i 


Methaemoglobin 

Kil 

Nil 

Oxyhaemoglobin : mg. per 100 c.c. 

7'5 

>» 

Bilirubin : Van den Bergh Reaction 



Direct 

' Much delayed 

Negative 

Indirect 

1 2-7 units 

1-75 units 

COo combining power. Vols. per cent. 

72 


Inorganic phosphate : mg. per 100 c.c. 

' 5 

3-2 

Phosphatase : Jenner and Kay units 

4-GS 

11-58 

Whole Blood 

1 


Uric acid : mg. per 100 c.c. 

i 4-1 

3-1 

Urea : mg per 100 c.c. 

3S 

26 

.Amino-acid N. : mg. per 100 c.c. 

5-C 

4-8 

Cholesterol: mg. per 100 c.c. 

241-9 


„ of erythrocytes : mg. per 100 c.c. 

1 210-6 


Lecithin ; mg. per 100 c.c. 

' 3S5-6 


of erythrocytes : mg. per 100 c.c. 

1 455-S 


1 Urhte 1 

pH 

1 About C 


Protein 

Distinct trace 


Ketones 

Kil 


Reducing substances 

1 M 


Bile pigments 

j Traces 


acids 

1 Kil 


Urobilin 

1 1 c.c. can be diluted 1 



to 16 c.c. before spect- 
; rum vanishes 
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COAIMENT. 

In malignant tertian malaria not so much evidence is available as to 
appearances of parasitized erythrocytes just prior to their rupture in schizogony 
as in the other species, and possibly intra-corpuscular conversion of haemoglobin 
into pigment is not so completely brought about by P.fokiparinn as by the other 
plasmodia. This suggests itself as a possible partial explanation of haemoglo- 
binaemia in some cases of M.T. malaria, but what other factors might reasonably 
be regarded as in any way contributory ? 

Such haemoglobin as may escape in relatively unaltered condition from the 
disrupted cells will constitute a circulating “ foreign ” protein of very complex 
formula. (Its molecular weight is in the neighbourhood of 70,000, and it is 
not yet established that polymers of Hb. — perfectly discrete molecules, con- 
taining more or less iron — cannot occur in the human body.) 

Probably at least four reasonably distinct functions of the liver, with 
complementary activity of cells of the reticulo-endothelial system, and possibly 
of certain renal cells, are involved in the katabolism of plasma haemoglobin ; 
and whatever the efficiency in a given case of the other liver functions, the 
“ pigmentar}' ” function may well be heavily burdened even quite early in a 
malarial infection. 

If any of these processes be sufficiently embarrassed it is to be expected 
that haemoglobinaemia may result. 

The case (H.M.P.) described in Table V is a typical example from the 
group of malarial cases which show high plasma bilirubin but no plasma 
haemoglobin, and we have the impression that the two substances tend to 
occur in inverse concentration. 

Each of our few cases showing haemoglobinaemia had low blood pressures. 
Two of them had bradycardia — one after about 30 hours of high fever — while 
the other had, so far as we were able to discover, no raised temperature at all 
for many days before being seen, and certainly not afterwards. The third case 
of haemoglobinaemia also ran an apyrexial course. 

Phagocytosis of parasitized erythrocytes was certainly going on aetively 
in Case I (V. de W.), and yet unchanged haemoglobin escaped into the plasma. 

No cause was discovered to explain the leucocytosis in the same case — 
we felt that it probably represented another aspect of the same process. 
UcHiDA (1921), in a detailed study of blood changes in paroxysmal haemo- 
globinuria, recorded leucocytosis as a constant finding within 2 hours of chilling, 
and attributed it to destruction of erythrocytes. He described “ auto-haemo- 
tropin ” in the blood of such cases as a substance promoting phagocytosis of the 
patient’s own erythrocytes by his leucocytes. 

Three of our malarial cases with haemoglobinaemia showed, at any rate 
temporarily, numerous tubular casts in the urine. 

In two of these. Cases II and III (E.P. and W.E.), it was felt that the highest 
figures for urea in the blood (6T5 and 44*4 mg. per 100 c.c.) could be attributed 
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to increased katabolism associated with the fever, but the same could hardly 
hold in Cases I and IV (V. de W. and McL.). 

In the first of these, although the ketosis was probably due to vomiting, 
there was increase of plasma inorganic phosphate as well as of nitrogenous 
constituents in the whole blood ; and in the second the blood urea remained 
for more than 10 days towards the upper limit of normality and the plasma 
inorganic phosphate was raised at the first examination. 

It would appear, from studies of blackwater fever, that the human renal 
threshold for haemoglobin is approached by a plasma concentration in ' the 
neighbourhood of 250 mg. per 100 c.c., but it is possible that the cells of healthy 
secreting tubules may eliminate small undetectable traces of the pigment and 
may themselves be injured in the process. 

Summary. 

In a small series of malignant tertian infections four cases of significant 
oxyhaemoglobinaemia are recorded. 
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WATER PURIFICATION. 


1. — Introduction. 

The existing water supply of Tel-Aviv is provided by a number of wells 
bored within the area of the town. As these wells will be inadequate in the near 
future to meet the requirements of the growing population, and also because 
the water itself is hard and tends to become salty, the erection of a large water- 
supply and water-purification plant on the river Yarkon is contemplated. 

The water in the River Yarkon is adequate and from a chemical- standpoint 
is of a much better quality than the well water, and if purified by appropriate 
means, could well serve the needs of the growing town of T el- Aviv. It is reputed, 
however, to be contaminated with schistosome cercariae and therefore the question 
has arisen whether the usual methods of water purification will be adequate 
to remove the danger of schistosomiasis. 

Since no definite conclusions could be drawn from the existing literature, 
it was found necessary to carry out the experiments described below.* The 
conclusion that we have reached is that it is possible to exterminate the schisto- 
some cercariae by the usual methods of water purification. 


2. — Present State of Water Purific.ation in Respect to Schistosome 

CERCARIAE. 

Three main processes are generally used for the purification and sterilization 
of drinking water : — 

(1) Clarification through precipitation by means of aluminium sulphate 
(AL ( 804 ) 3 ) diluted in the raw water up to 100/1,000,000 ; (2) Filtration through 
a filtering layer, such as sand, this being mostly used in connection with the 
former process ; (3) Sterilization by means of gaseous chlorine or by chlorine 
compounds which contain active chlorine. Generally solutions up to 1 / 1 ,000,000 
active chlorine are used, if stronger solutions are applied the surplus is eliminated 
after the treatment by the so-called “ dechlorination process.” Besides chlorina- 
tion, sterilization by means of ozone, ultra-violet rays, etc., is also used. 

There exists a rather extensive literature on the sterilization value of all 
these processes as far as bacteria are concerned. However, few data are published 
regarding the effectiveness of these processes on the cercariae of Schistosoma. 
These data are often contradictory and therefore they do not give a clear ideas as 


* This investigation was carried out thanks to a grant offered by the Municipality 
of Tel-Aviv. 

Thanks are due to Dr. Abdel Azim and his staff of the Endemic Diseases Hospital 
Cairo, as well as to Dr. Rameses Girges, Tanta, for their kind and suggestive help iii 
obtaining infected snails. We wish to thank Mr. Morris, of the Cairo Water Co and to 
i\Ir. Walton, of the Alexandria Water Co., for their readiness to supply us with the 
necessary information concerning the purification of water in Egypt, 
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water tvithin 30 minutes in a solution containing one per million of available chlorine and 
within 1 hour when ordinary Nile water was used. 

In the Army Manual of Hygiene and Sanitation (1934) the following statement is made 

on p. 184 : u 

“ Ordinary chlorination of drinking water cannot be relied on and at least twice the 
normal amount of water sterilising powder must be used. After preliminary clarification 
ccrcariae can be killed and water rendered safe for drinking in 1 hour by treatment with 
a standard dosage of chloramine. The standard dose for 100 gallons of ivater, for use 
1 hour after treatment, is nvo tablets of ammonium chloride followed by two scoopfuls of 
chlorosene. By doubling the standard dosage cercariae in clarified water are lulled in 
half an hour.” 


(d) Lime-Water. 

Ruge et al. (1925, p. 346) write “ the addition of quick-lime into infected water 
protects the experimental animals against infection.” Thresh et al. (1935, p. 56S) state : 
“ There is evidence that they (the cercariae) are killed by excess-lime treatment of water.” 
According to Rameses Girges (1934, p. 519) “ Lime solution in a proportion of 1 : 1,000 
kills cercariae in 30 minutes.” 

According to Kan (1934), lime-water 1 in 2,000 instantaneously kills the free swimming 
cercariae of .S. japoniaim. 


(e) Aluminium Sulphate {Alum). 

Rameses Girges (1934, p. 520, citing from Leiper) writes that “ Alum, in the dilution 
used for precipitation of canal water has no effect on the cercariae. The flocculent precipitate 
of alum does not hold the cercariae which are seen actively swimming in the solution 
12 hours after the addition of the alum.” 

Thresh and others (1933) state that the cercariae cannot be completely removed by 
coagulants. 


(/) Filtration. 

According to Rameses Girges, p. 520 (citing from Leiper) : “ The vital layer does 
not arrest the cercariae, as they were found to pass through a layer formed by the passage 
for half an hour of aluminated water. The same result followed in another test made 
by passing newly forming alum precipitate on a small area of sand for an hour thus pro- 
ducing an abnormally thick layer. This, too, offered no obstacle to the leechlike progression 
of cercariae, as they were found swimming in the filtrate 24 hours later. The layer of sand 
presents no insuperable barrier, for very active cercariae were found in the filtrate within 
1 hour after addition to the inflow of aluminated water, a depth of 75 cm. of sand having 
been traversed in the interv’al. Sand of the finest grain used in filtration proved inefficient.” 


(g) Experience of Egypt. 

The above cited particulars are the most important in the literature. However 
it was supposed that the managers of water-purification works in Egypt, where schistoso- 
miasis is widespread, accumulated experience which remains unpublished. In order 
to acquire these data, one of us (G.W.) ivent to Egypt where some interesting information 
could be gathered in Alexandria, Cairo and Tanta. The most important impression 
was that almost all managers of water-purification works, sanitary officers and laboratory 
workers proved satisfied that the standard methods of purification of water in use 
in Eg>p)t are sufficient to remove the danger of infection with schistosomiasis This 
opinion was reached through the experience of many years which shows that people who 
live in towns and avoid drinking unpurified water or bathing in natural basins do not get 
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The water used for the experiments was taken from the river Yarkon at 
the point called “Ten Mills” which was found suitable for the intended water- 
purification plant. The water, either plain or purified, was kept in bottles, some- 
times for several days before the experiments. The purification was performed 
by laboratory methods : fresh river water was clarified by calcium hydroxide 
and aluminium sulphate and filtered through filter paper. 

The snails were collected in localities in Egypt (El-Marg, Maady) reputed 
for high infection rate with schistosome parasites in both man and snails. We 
performed the following experiments with Planorbis snails in order to ascertain 
that the cercariae which constituted our test material were really Schistosoma. 
Water containing cercariae was applied to the bare skin on the back of white 
mice for a period of half an hour. A month later some of the mice proved 
negative, some had young schistosomes in the liver, while some had developed 
couples of adult schistosomes in the liver and in the mesenteric veins. (Similar 
experiments with the Bulhnis snails were not performed.) 

In all the experiments the ingredients were mixed in test tubes of about 
10 c.c. volume and immediately poured out into a fiat glass dish 3 cm. in diameter 
in which the liquid remained up to the end of observation. The eifect was 
observed through a binocular microscope. In all the experiments control tubes 
were set up. 


{b) Experiments with Aluminium Sulphate (AlziSOi)^). 

A solution of aluminium sulphate was added separately to the cercariae of both species , 
suspended in plain Yarkon water, in such a proportion that solutions of 20/1,000,000, 
50/1,000,000 and 100/1,000,000 Ala ( 804)5 were formed. In the latter two solutions 
the cercariae were entangled in the floes formed, and sank with them to the bottom! 
However, in the course of 1- to 1 hour, they freed themselves and swam above the sediment 
as vigorously as in the control tubes. In the tubes with the solution of 20/1,000,000 the ' 
cercariae of both species swam normally all the time in spite of the floes. In all the 
tubes fully active cercariae were found after 24 hours, i.e., as in the control tube. 

Conclusion : Aluminium sulphate in the strongest concentration as 
employed for purification of water does not affect the cercariae. 


(c) Experiments with Lime Water and with Alkaline Buffer Solutions. 

■ Lime, Ca(OH)a, is often used in the course of the puriScation of water in order to 
soften it or to accelerate the coagulation of aluminium sulphate. It was, therefore 
important to ascertain whether it affects the cercariae- 

Two test tubes containing ,S. haematobium cercariae in raw water were filled up to 
5 c.c. with a solution of calcium hydroxide calculated so as to neutralize the carbonate 
hardness in one of the tubes and to make an excess of calcium hydroxide corresponding 
to 1° of hardness in the other. The pH was IM in the first tube and a little higher in the 
second. A third tube was filled up with plain water (without calcium hydroxide) as a 
control. Immediately after the addition of the lime a precipitate was produced and most 
of the cercariae were entangled in it and sank with it to the bottom. However after 
dO minutes a proportion of them freed themselves and were swimming normally In the 
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addition to this, a control tube in ■which the solution of aluminium sulphate and another 
one in which the solution of calcium hydroxide was replaced by plain water, were added 
to the series. The pH in the first three tubes was respectively 6-5, 8-5 and 9-0, while 
in the control tube without lime it -was 7-0 and in the other one which was without 
aluminium sulphate it was 9-5. After 3i hours the cercariae showed normal vitality, and 
after 20 hours most of them were still normal. 

Four pairs of test tubes were set up as follows : 1 c.c. of the suspension of S. 7nansom 
cercariae was placed in each tube ; into the first pair a solution of calcium hydroxide 
calculated to neutralize the carbonate hardness was added ; into the second pair also 
calcium hydroxide was added but calculated to form an excess of lime corresponding 
to 1° of hardness ; both these tubes were filled up to 5 c.c. with a solution of aluminium 
sulphate calculated to form a concentration of 50/1,000,000. The third and fourth pairs 
served as controls ; the former contained aquarium water instead of calcium hydroxide 
■rt'hile the latter contained water instead of both calcium hydroxide and aluminium 
sulphate solutions. To one tube of each of the four pairs an indicator was added for the 
estimation of pH. At the beginning the pH was respectively 9-1, 9-4, 8-0 and 9-2. 

After 10 minutes all the cercariae in the first two pairs of tubes were entangled in the 
sunken floes but still showed very active movements as if attempting to free themselves. 
After 25 minutes some of the cercariae freed themselves from the sediment and swam 
about in the supernatant water. The same was observed 1 hour later (when the pH was 
respectively 8-9, 9-0, 7-9 and 8'5). After 19 hours almost all cercariae in the two first 
tubes were dead while in the control tubes they were normally active. 

A’ similar experiment was performed with three tubes, with the difference that 
calcium hydroxide was calculated to make an excess corresponding to 1°, 2° and 3° of 
hardness. After the addition of aluminium sulphate, the floes obscured the view and 
started to sink slowly. The pH was then IFl, 11 -I and <11T respectively. 15 minutes 
later when the floes sedimented no cercariae were seen in the supernatant water. 20 
minutes from the beginning of the experiment the sediment was examined and it was 
found that all the cercariae were dead, some of them not being attached to the floes. In 
both control tubes the cercariae were normally active. The death of the cercariae in the 
experimental tubes is to be ascribed to the high pH, but it is, however, to be remarked 
that the presence of floes which drive the cercariae to the bottom seems to accelerate the 
lethal action of the alkali. Practically, however, water treated by both chemicals never 
attains a pH over 9. 

From a practical point of view the treatment with lime and aluminium 
sulphate will not be effective against cercariae. 


(e) Experiments with Chlorme. 

The action of the following three forms of chlorine on the cercariae of both 
species of Schistosoma was tested : (a) solution of gaseous chlorine in water 
{b) solution of sodium hypochlorite prepared from eau de Javel, (c) solution of 
chloramine prepared as follows : — 

“ Chlorine water ” containing about 2 grammes of chlorine per litre was 
prepared by introducing gaseous chlorine into the water. Two grammes of 
ammonium chloride (NH4CI) were dissolved in 100 c.c. of this chlorine water 
and this solution was left to stand for about 2 hours at room temperature ; 
2i c.c. of this solution dissolved in one litre of water formed the stock chloramine 
solution used in our experiments and it contained from one to two per million 
of active chlorine. There always was a difference between the amount of chlorine 
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actually found by analysis in tiie stock solution and the amount calculated from 
the chlorine content of the chlorine water. Only the result of the analysis was 
taken into account in our experiments. The stock solution contained about 
15 mg. NH- per litre and the ratio of the available chlorine to NH^ was about 1 : 7. 

All the solutions were made ndth the river water clarified by calcium 
hydroxide and aluminium sulphate and filtered through filter paper. • The 
reaction of the water was tested at the beginning of the experiment, and pH 
varied from 7-5 to S-9. All experiments were made nnth 0-5 c.c. of the suspension 
of cercariae to which firstly water and then the stock solution of either form of 
chlorine was added. In each experiment a control tube was set up which contained 

0-5 c.c. of the suspension of cercariae and 4-5 c.c. of nwter. In all experiments 
a parallel row of tubes was set up in which the indicator, 0-Tolidin was added to 
estimate the amount of available chlorine at any moment. The estimation of 
the amount of chlorine was made colorimetrically by comparison with standard 
coloured sealed tubes, three times during each experiment : at first the amount 
of chlorine in the stock solution was determined and the concentration of 
chlorine at the beginning in the experimental tubes was calculated accordingly ; 
the next test was made 10 minutes and the third one 35 minutes after the 
addition of the stock solution to the tubes containing cercariae. 

The active chlorine was disappearing tvith varring rapidity not only in 
different experiments but also in different tubes of the same experiment. It 
was found that when the stock solution of chlorine was added to plain tvater 
with or ndthout cercariae, the amount of aN-ailable chlorine fell down rapidly in 
most cases, probably being absorbed by the organic matter dissolved in the 
water, or by the suspended firing organisms. This absorption proceeded at a 
high rate usually during the first 10 minutes and after\vards the remaining 
chlorine diminished very slowly. 

Concentrations of chlorine, 1/1,000,000, kill the cercariae at once, irrespec- 
tive of the form of chlorine. Low concentrations act slowly and the cercariae 
pass through several stages of progressive loss of actirit}' up to the absolute and 
irretrie\'able loss of motion and transparency wlfich is a sign of death. In order 
to determine the degree of the effect of chlorine on the cercariae the following 
seven phases were differentiated : — 

0 — Normal movements. 

1 — Irregular and weak movements ; the beginning of sinking. 

2 — The cercariae are creeping at the bottom or they partly swim above the 
bottom. 

3 — ^All cercariae fie at the bottom and their tails show convulsive lateral 
motion. 

4 — ^The cercariae fie at the bottom, their bodies and tails moring slowly. 

5 — Some of the cercariae are already dead. 

6 — ^All the cercariae are dead. 

The results of the experiments are shown on Tables I to YI. The anaij'sis 
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Table I. 

EXPERIMENTS ON THE EFFECT OF GASEOUS CHLORINE ON THE CERCARIAE OF 

Schistosoma haematobium* 
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Table III. 

EXPERIMENTS ON THE EFFECT OF CHLORAMINE ON THE CERCARIAE OF 
Schistosoma haematobium.*' 
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Table III. 

EXPERIMENTS ON THE EFFECT OF CHLORAMINE ON THE CERCARIAE OF 
Schistosoma haematobium.* 


No. 

pH. 

Amount of available 
chlorine estimated at 

Time at which various phases 
of the effect began. 

Duration^ 
of the Jfl 
obser\’ation. 


1 

0 I 

10' 

35' 

2 

3 1 

1 

4 

5 

6 

1 

8-2 

0-046 

T 

0 

18 

_ 1 







2.00 

2 

8-1 

0-076 

0-05 

T 

6 

18 1 

— 

— 

— 

1.16 

3 

8-2 

0-07 

T 

0 

— 

15 

— 

— 

— 

2.00 

4 

8-2 

0-09 

0-05 

0-05 

12 

18 

— 

— 

— 

2.00 

6 

8-2 

0-10 

0-05 

0-05 

— 

9 

1.27 

— 

— 

2.00 

e 

8-2 

0-12 

0-10 

0-01 

— 

7 

13 

42 

— 

2.00 

7 

8-1 

0-12 

0-10 

0-10 

5 

8 

19 

1.09 

— 

1.16 

8 

8-2 

0-14 

0-12 

0 

— 

11 

— 

— 

— 

1.00 

9 

8-2 

0-13 

0-13 

0-10 

— 

7 

— 

1.32 

— 

2.00 

10 

8-1 

0-12 

0-12 

0-10 

3 

30 

— 

— 


1.16 

11 

8-2 

0-15 

0-13 

0-13 

— 

5 

14 

47 


2.00 

12 

8-1 

0-20 

0-18 

0-15 

— 

3 

5 

21 

58 


13 

8-2 

0-20 

0-lG 

0-13 

— 


6 

15 

30 


14 

8-1 

0-20 

0-20 

0-18 

3 

5 

11 

20 

41 


15 

8-2 

0-27 

0-20 

0-20 

4 

10 

16 

36 

— 

1.00 

16 

8-1 

0-30 

0-27 

0-22 

— 

— 

4 

7 

10 


17 

8-1 

0-30 

0-28 

0-28 

— 


3 

10 

18 


18 

8-2 

0-30 

0-30 

0-28 

— 


3 

8 

10 


19 

8-2 

0-42 

0-30 

0-26 

— 

4 

7 

13 

18 


20 

8-2 

0-46 

0-25 

0-28 

— 


— 



“ 


21 

8-2 

0-54 

0-40 

0-36 

— 

— 

5 

7 

11 


22 

8-2 

0-70 

0-50 

0-47 

— 

— 

3 



8 


23 

8-2 

0-56 

0-80 

0-65 

— 

— 





C 


24 

8-2 

1-10 

0-75 

0-60 

— 

— 





3 


26 

8-2 

1-30 
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Table V. 

EXPERIMENTS ON THE EFFECT OF SODIUM HYPOCHLORITE ON THE CERCARIAE OF k 

Schistosoma haematobium* 





















G. ^^•1TENBERG AND J. YOFE. 


568 


Tadle VI. 

EXPERIMENTS ON THE EFFECT OF SODIUM HYPOCHLORITE ON THE CERCARIAE OF 

Schistosoma mansoni.* 


i 

No. 

i 

j 

] 

pH. 

i 

Amount of available 
chlorine estimated after 

Time at which various phases 
of the effect began 

Duration 
of the 

obser\-ation. 

0 

10' 

35' 

2 

3 

4 

5 

1 

1 6 

1 

1 

8-8 


0-05 




_ 




t 

1.45 

2 

8-4 

0-18 

0-10 

0-08 

29 

33 

1.37 


— 

1.37 

3 

8-6 


0-20 


— 


1.18 



1.30 

4 

8-4 

0-27 

0-20 

mSm 

7 

25 

1.20 



1-33 

6 

8-4 

0-36 

0-24 

mm 

8 

21 

26 

38 

1.04 


0 

8-C 

■AM 

0-25 


— 

21 

26 

34 

1.09 


t 

8-8 


0-25 


15 

27 

1,24 

— 

— 

1.45 

8 

8-6 


0-28 





17 

23 

29 


9 

8-S 

0-40 

0-30 

0-28 

4 

16 

45 

50 

1.05 


10 

8-4 

0-45 

0-30 



8 

16 

29 

35 


11 

8-4 

0-54 

0-35 

0-35 

4 

6 

— 

11 

24 


12 

8-8 

0-50 

0-38 


2 

3 

12 

29 

36 


13 

8-6 

0-50 

0-40 


— 

6 


13 



14 

8-8 

0-60 

0-42 

mEM 

2 

s 

13 

18 

21 


16 

8-4 


0-45 

wsm 

— 

4 

7 

10 

16 


16 

8-6 


0-50 


— 

4 

9 

13 

19 


17 

8-4 


0-60 

0-68 

— 

— 

4 

7 

16 


18 

8-8 


0-63 


2 

5 

9 

14 

19 


19 

8-6 


0-70 


— 

3 

5 

— 

12 


El 

8-6 


0-80 


— 

1 

3 

7 

12 


21 

8-S 


0-80 

0-73 





6 

BiSH 

13 














* Remarks : The experiments are arranged according to the amount of available chlorine as 
estimated 10 minutes after the addition of the stock solution. 

Time is shown in minutes. 

“ T ” means traces of chlorine. 

Amount of chlorine is given per million. 
pH relates to the water used for the experiment. 

The meaning of the grades of the effect is given on page 557. 

The underlined figures denote the cases of discrepancies in correlation between 
the amount of available chlorine employed and the results of the experiment. 
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of these tables shows that there is no absolute correlation between the amount 
of chlorine and the lethal effect. If we arrange the experiments according to 
the initial amount of chlorine, calculated from the stock solution, the corre- 
sponding row of figures marking the death time will show a gradual fall, but 
with a number of discrepancies (see Table VIII, left row, and also Tables I to 
VI, the rows of grade 6 of the effect). It will appear that in some experiments 
a smaller initial amount of chlorine kills the cercariae quicker than a larger amount 
in one of the next experiments. However, if the experiments are arranged 
according to the amount of chlorine determined 10 minutes after the addition 
of the stock solution of chlorine, the number of discrepancies will be smaller 
(see Table VIII, right row). 

It is hence concluded that the amount of chlorine which remains 10 minutes 
after the addition of the stock solution is a better criterion for forecasting the 
effect than the calculated initial amount. Therefore, in Tables I to VI the 
experiments are arranged according to the results of the estimation of the chlorine 
after 10 minutes. 

It is difficult to explain the discrepancies in the gradual rise of the lethal 
effect of chlorine. They may possibly be due to different content of organic 
substances, such as the excreta of the snails or of the cercariae, in various samples 
of cercariae material. These substances certainly absorb a part of the available 
chlorine and their amount could not be estimated. We were not able to avoid 
them for we did not know how to separate the cercariae from the water into 
which they were discharged by the snail, without injuring them. 

In any case, it is evident from Tables I to VI that the amount of chlorine, 
and particularly that amount which remains after 10 minutes contact with the 
water containing cercariae, is responsible for the rapidity of the lethal effect. 
On the other hand, each of the three forms of chlorine used exerts different 
action on each species of the parasite. Thus, six figures may be established which 
denote the minimum initial concentration of available chlorine which is certainly 
lethal for the cercariae after a more or less prolonged period (see Table VII, 
first row). However, in practice it is desirable to have the lethal effect assured 
within a limited time, say 30 minutes necessary for the water to pass from the 
purification plant to the consumer. In this case another six figures should be 
chosen (see Table VII, second row). Other figures (see Table VII, third and 
fourth rows) are to be taken in cases when the amount of available chlorine 
after 10 minutes is taken as the criterion. 

It is evident from Table VII that chloramine is at least twice as powerful 
as both gaseous chlorine or sodium hypochlorite. The minimum initial concen- 
tration which has lethal effect in respect to both species of schistosome cercariae 
is 0-45 per million as compared with 0-8 and 1-0 per million for gaseous chlorine 
and. sodium hypochlorite respectively. If the after- 10-minutes estimation of 
available chlorine has to be taken as a criterion, 0-22 per million has to be com- 
pared with 0-6 and 0-42 respectively. 
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It can also be seen from Table VII that cercariae of S. haematohium are 
more sensitive towards chloramine and more resistant towards gaseous chlorine 
and sodium hypochlorite, while it is the reverse with the cercariae of S. mamoni. 
The obvious conclusions may be drawn that when the action of the chlorine is 
required against both species of Schistosoma, concentrations of the chlorine 
should be applied which are lethal for the more resistant one. These concen- 
trations are underlined in Table VII. 

It has to be emphasized that the environmental conditions in our experi- 
ments were more advantageous for the cercariae than they are in the purification 
plant. As already mentioned above, the water containing cercariae, as used in 
the experiments, was inevitably polluted by organic substances excreted by the 
snail or by the cercariae themselves and therefore the absorption of available 
chlorine proceeded undoubtedly more rapidly than it might do in a plant, where 
water clarified by aluminium sulphate and filtered is subjected to chlorination. 
Further, the experiments took place in small open glass dishes with comparatively 
large surface and hence the aeration of the water was better than it is in big 
tanks in a plant. Thus, it may be supposed that in the plant practice the 
minimum concentrations of available chlorine which are necessary to kill the 
cercariae are smaller than those indicated on Table VIII. 


(/) Irreversibility of the Effect of Chlorination. 

In order to determine whether the effect of the chlorination upon the 
cercariae may be stopped or reversed by the elimination of chlorine the following 
experiments were performed. 

Cercariae of S. mansoni were subjected to the action of sodium hypochlorite 
with the initial amount of available chlorine of 0-6 per million. After 25 minutes, 
when the cercariae were lying on the bottom of the test tube in the 2nd phase, 
the supernatant water was poured out and replaced by plain water. No recovery 
of the cercariae could be noticed and they began to die after 1 hour 20 minutes. 
To test tubes arranged in pairs and containing S. marisoni cercariae sodium hypo- 
chlorite was added to make the concentration of available clfforine respectively 
0-60, 0-66, O-SO and 0-88 per million. In one test tube out of every pair the 
experiment proceeded normally to the end. In the second one the solution was 
decanted after 10 minutes, when the cercariae started to sink, and was replaced 
by plain water. On comparing the effect in both rows only insignificant differ- 
ence or no difference at all could be noticed. For instance, the effect in the 
decanted test tubes containing 0-66 per million available chlorine was somewhat 
weaker than in the non-decanted one, though the injurious action of chlorine 
continued after the decantation. In the decanted test tube containing 0-88 per 
million chlorine all the cercariae were destroyed during the same period of time 
while in the non-decanted test tube only a part of the cercariae died. 
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the aluminium hydroxide layer. Nevertheless it shows the behaviour of the cercariae 
in the filter and suggests that the actual “ biological layer ” may also be successfully passed 
by the cercariae. 


Conclusion : A 75 cm. high layer of specified sand or a layer of aluminium 
hydroxide floes cannot retain all the schistosome cercariae. 


{h) Experiments with High Pressure. 

There exists a patent for sterilization of various materials by high pressure. In 
order to study the suitability of this method for destruction of the schistosome cercariae the 
following experiments were carried out. 

Small test tubes filled with water containing the cercariae were covered by a layer 
of neutral paraffin oil and a thin rubber membrane to permit the transmission of the 
pressure to the interior of the tubes. The tubes were then put into water in a special 
apparatus developing high pressure. Four experiments made with various pressures 
gave negative results. In one of the experiments the cercariae remained for 6 hours under 
a pressure of 200 atmospheres and yet the vitality of the cercariae remained equal to that 
of the cercariae in the control tube which was similarly closed but remained under 
normal pressure. 


4. — Conclusions. 

The existing data on the destruction of the cercariae of Schistosoma during 
the purification of water, as quoted in the literature, are insufficient and contra- 
dictory. 

•The long empirical experience of the Egyptian water purification plants 
suggests that the standard methods used for the purification of water rids it 
of cercariae. 

The usual clarification of water by means of aluminium sulphate alone or 
with the preliminary treatment with lime, even when these substances are 
employed in maximum quantities generally in use, does not affect the cercariae 
of Schistosoma. 

High pressure, up to 200 atmospheres during 6 hours does not injure them. 

The standard filtration of water through sand is ineffective. 

High alkaline reaction of pH 11-5 to 11-6 kills the cercariae. The presence 
of A 1 ( 0 H )3 floes which drive the cercariae to the bottom seems to increase the 
effect of the alkali, i.e., a lethal effect is already produced at pH ITl. However 
such a high alkalinity cannot be attained in the water treatment plant, and 
therefore this interesting fact has no practical value. 

The cercariae of Schistosoma are killed by chlorine. The time necessary 
for a sure action of this factor depends on the quantity of active chlorine in the 
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■WATER PURIFICATION. 
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Yol. XXXI, No. 4. January, 1938, p. 471, 

Col. Clayton L.ane : Correspondence on Bancroftian filariasis and the 

paragraph, line 5, for “ What is not known ” 

read ^\hat is now known.’’ 
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“SELLAR FEVER.” 

To the Editor, Trans.\ctions of the Royal Society of Tropical Medicine and 

Hygiene. 

Sir, 

May I first be permitted to congratulate Colonel Jack* on a very painstaking 
and accurate description of a short fever that occurs in the Delhi-Meerut area. 

I have watched the fever he describes, in Delhi and Meerut from December,. 
1936, to December, 1937. It had previously appeared in this area in the 1932-33 
period and has been absent from the area, in its full clinical form, in the interval. 
Unlike Colonel Jack, I observed the disease mainly in European soldiers. I 
have, however, seen the same illness amongst my Indian servants and in a 
consultant capacity in patients in Indian military hospitals in this area. Needless 
to say the observation of the rash is handicapped in dark-skinned patients, 
especially in the very numerous ambulant cases. 

In the cause of accuracy and to avoid endless duplication of diagnoses may 
it be represented that “ sella ” is saddle and that “ saddle back fever ” is another 
name for dengue. The illness seen at Meerut, which varies in no particular 
from Colonel Jack’s description of the illness in these Transactions, runs the 
same clinical course as dengue observed in Cairo in the pandemic, 1927-28. 
My observations on dengue in Calcutta during 1933-34 resulted in my publishing 
a short article on “ Dengue Temperature Charts,” which appeared in the 
Journal of the Royal Army Medical Corps, February, 1936. Only six charts are 
shown each representing the most typical case observed in the sub-group showing 
that form of febrile response. 

It is not my custom to cite text-books as consolidated descriptions of a 
disease ill suit the disease as observed under particular circumstances. But 
Tropical Medicine (Rogers and Megaw, 2nd Edition, 1935, page 165) gives a 
map of the distribution of dengue in India. The Sialkot area is marked as a 
place where dengue occurs. The Principles and Practice of Medicine (Osler and 
McCrae, 11th Edition, 1930, page 354) describes the mouth symptoms, con- 
gestion of the pharynx and enlargement of the lymph-glands of the neck. Osler 
follows the original description of the disease by Dr. Benjamin Rush in the 
epidemic in Philadelphia in 1780. 

It is my opinion, without proof other than that the maximum incidence of 
culicine mosquitoes and the maximum incidence of the fever occur at the same 

* Jack, W. A. M. (1937). Sellar fever. Trails . R . Soc . trap . Med . Hyg ., 31 (3), 281 . 
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time, that Culex fatigans is the vector of the illness in the Delhi-Meerut area. 
Those who follow the Drum travel many miles, and a journey of a thousand 
miles in 2 days is common in India. The arrival of persons from a distance 
during the incubation period will explain the occurrence of the illness at Razmak 
if the culicine mosquito is not to be found there. Hibernating mosquitoes may 
wake up to feed in a warm closed up hut, even in winter with snow on the ground 
outside. 

I am, etc., 

British Military Hospital, F. J. O’Meara. 

Meerut, U.P., India, Major R.A.M.C. 

\2th January, 1938. 


ONYALAI. 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene. 

Dear Sir, 

With reference to the communication “ Onyalai : a Review,” by W. K, 
Blackie*, may I contribute a few very belated remarks. 

My practice for the last 14 years has been confined almost entirely to 
natives of the Nyamrvezi tribe, with an average of about four thousand new 
out-patients per year, and about three hundred in-patients. During my resi- 
dence here, I have made a study of their language, and can claim at least a good 
working knowledge of Kin)^amwezi. Unyamwezi is the name applied to an 
area of about 60,000 square miles, situated in the Western Province of Tanganyika 
Territory, with Tabora as its centre. 

Dr. Blackie is right in advising care and discretion in the interpretation 
of the natives’ names of obscure diseases. The word kqfindo is the diminutive 
of lufindo which means anus. The duplicated form kafi7idoji7ido is the name 
applied to any acute inflammatory condition of the tonsillar or pharyngeal regions, 
and so covers such different conditions as peritonsillar abscess, ulcerative 
tonsillitis or severe pharyngitis. 

My experience of a condition resembling onyalai is confined to two cases. 
The first was a girl of about 10 years of age, seen in April, 1936. The parents 
gave a history of illness of 2 or 3 days only. She was admitted, moribund, 
with blood oozing from the mouth and nose ; there were haemorrhagic bullae 
inside the cheeks and under the mucous membrane of the hard and soft palate. 

*Blackie, W. K. (1937), Trans . R . Soc . trap . & Hyg . 31 (2), 207. 
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THE LATE SIR THOMAS STANTON. 


We regret to announce that Sir Thomas Stanton, Chief Medical Adviser 
to the Secretary of State for the Colonies, a member of the Council, a former 
Vice-President and a Trustee of the Society, died in London on 25th January last, 
after a short illness, at the age of 62. The Council, at their meeting on 
17th February, 193S, decided to record their appreciation of the ser\dces rendered 
to tropical medicine by Sir Thomas Stanton, and their sense of loss at his 
death, in the following resolution ; — 

“ The President and Council take this opportunity of expressing their 
profound regret at the death of their esteemed colleague. Sir Thomas 
Stanton, one of the founders of the Society and one of its most active 
supporters. 

Sir Thomas Stanton, by his scientific researches in tropical diseases> 
rendered eminent service in the advancement of public health in the 
Tropics, and by his personality endeared himself to all who came in contact 
unth him.” 


Ambrose Thomas Stanton was born in Canada on 14th November, 1S75, 
and was educated at Trinity College, Toronto, where he qualified M.D. in 1899. > 
He spent several years in hospital work before coming to England to take the 
Conjoint qualification in 1905, and subsequently proceeded to the School of 
Tropical Medicine at the Royal Albert Dock, where he first met Sir Patrick 
Manson. Stanton’s admiration of Manson was such that he decided to folloAv 
in the footsteps of the master and devote his life to the study of tropical medicine. 
He was selected to be a Demonstrator at the School, which post he occupied 
for 2 years, and in 1907, his Chief recommended him to the Colonial Office 
for appointment as an Assistant in the Institute of Medical Research, Kuala 
Lumpur. 

Here Stanton worked with the late H. Fraser, the Director of the Institute ; 
together they carried out their remarkable studies on the etiology of beri-beri, and 
proved the disease to be due to a deficiency in diet — one of the early definite 
proofs that dietetic deficiency is a cause of disease. Stanton was also a keen 
entomologist, and his work on mosquitoes is considered by some to be as valuable 
as his work on beri-beri. His name is also associated with a fatal disease which 
appeared in 1917 among the labourers on rubber estates, and in conjunction with 
William Fletcher, Stanton showed that the disease, which they subsequently 
named melioidosis, was due to a glanders-like organism. 
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In 1920, he succeeded Fraser .as Director of the Institute of Medical 
Research, Kuala Lumpur. 

In 1926, Stanton was selected by the Secretary of State for the Colonies 
to be the first holder of the newly-created post of Chief Medical Adviser in the 
Colonial Office, and he continued to hold this post up till the last. His out- 
standing services in this capacity were recognised by his being made a C.M.G 
in 1929, and promoted to a K.C.M.G. in 1934. Mr. Ormsby Gore had 
already at the end of last summer invited him to continue to hold his appoint- 
ment in the Colonial Office for a further period of 3 years from April 1st, 
1938, and this invitation had been accepted. After returning to London, he 
continued to take a great interest in the welfare of the Society, of which he had 
been Local Secretary while in Malaya, and was instrumental in obtaining large 
contributions towards the Manson House Fund. 

It is not too much to say that Stanton was beloved by everyone with 
whom he came into contact. No one who met him could fail to be impressed 
by the combination which he presented of great professional eminence, an 
equitable character, keen sense of humour and warm kindliness. He never 
thought evil of anyone, and yet was a good judge of the character of others. 
In discharging his official and other duties, he was the most conscientious of men, 
and it may be said that the responsibility of his position caused him far greater 
anxieties than an}^ but his most intimate associates realised. 

The members of the Society have lost a great friend, whom it will be hard 
to replace. 


TKINTED bS OJtFAT BRITAI.S flV 


GRUBB, LTD,, CROVDON. 
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CLIMATIC BUBO OR LYMPHOGRANULOMA INGUINALE. 


nv 


H. M. I-IANSCHELL. D.S.C., M.R.C.S., D.T.M. S: H., 

Holt, Medical Superintendent , Royal Albert Dock Hospital ; 

Hon. Associated Physician, Hospital Jor Tropical Diseases, Gordon Street, 
(Seamen’s Hospital Society, London), 


Mr. President, Ladies and Gentlemen, I must first express to you my lively 
sense of the honour done me by inviting me this evening to open a discussion 
on climatic bubo. I shall try to confine myself to those lesions which I have 
dealt with. They are inguinal lesions, and the less serious and the less than 
half the disease, which when afflicting the woman’s vagina and vulva, and the 
rectum in cither sex, is indeed a serious one. 

Since 1919, at the Seamen’s Hospital, Royal Albert Dock, I have diagnosed 
130 cases of climatic bubo in the male, among them representatives of every 
colour and almost every race. These 130 cases have been studied against controls 
of 17,900 male cases of lesions of the genital-inguinal area (including gonorrhoea), 
all also under my care at the same hospital, and among them also representatives 
of almost all races. Among these 17,900 cases have been many of chancroid, 
chancre, balanitis, venereal warts, herpes preputialis, penile and scrotal scabies, 
pediculosis, accompanied by an inguinal adenitis ranging in degree from bubo 
and abscess to mere enlarged, tender glands — whose infections were acquired in 
England and for the most part in the dockland areas ; yet among these so far 
no case of climatic bubo has been discovered. 

Every case I have seen has been in the male, and with infection acquired in 
the tropics or sub-tropics. The disease is therefore for me strictly a venereal 
disease of the tropics. With the clinical experience thus outlined, I may assert 
that indigenous infection here, must be very rare ; for in an area constantly 
exposed to its importation, no case has come to light in 19 3 fcars of watching for it. 

The disease now excites among us a widespread interest — because Dr. G. 
AIaushai.i. Findlay in one of his brilliant researches, convej'ed the infection, 
with production of inguinal bubo, to the guineapig, and showed that the causative 
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agent was a filter-passer virus, and because of Dr. Stannus’s scholarly researches, 
which have served so well not clinical alone but psychological medicine too ; for 
I suspect that after he had exposed it, urbi et orbi, in his famous monograph, 
now a classic, to be no less than “A Sixth Venereal Disease,” then not a few 
respectable physicians, formerly coldly inattentive, could find in an active 
interest in its lesions a laudable outlet for all sorts of repressions. 

Climatic bubo. Sir, is unique in being a respectable venereal disease. 
Select nursing homes take it in with murmurs of sympathy, and to the almost 
sanctuary wards of eminent physicians it is welcomed gladly. Unlike its vulgar 
congeners, the clap and the pox, the vernacular has no name for it, and so anyone 
may talk about it and anyone may have it. Nevertheless, it is still a disease of 
minor importance to the public health in this country. 

I trust. Sir, I may be allowed to be a little reminiscent. My interest in 
lesions of the groin was formed before ever I began as medical student. In 
Tristram Shandy I had followed eagerly that affair between Captain Tobias 
Shandy — “ My Uncle Toby ” — and the enchanting Widow Wadman. Uncle 
Toby, you will remember. Sir, had served with gallantry abroad and there 
acquired a wound in the groin — and he was extremely bashful about it, and the 
widow, unknown to him, had thoughts of marrying him, and was extremely 
inquisitive about it. In those pages I learned what later experience confirmed, 
that the idea of a lesion in the groin may carry an emotional content worthy even 
the notice of literature. 

My good fortune in my teachers held on. Early in 1910, Dr. Carmichael 
Low demonstrated to me in the Albert Dock Hospital a climatic bubo, with no 
penile lesion, from the China coast in a white ship’s stoker. Dr. Low suggested 
then that a chronic case ending in fibrosis of all the femoral and pubo -inguinal 
glands would cause elephantiasis of the leg, and perhaps this might account for 
some cases of tropical elephantiasis where no filariasis could be postulated. 

Dr. Low said it was acquired in copula. His theory-shattering regard for 
facts and his diamond common-sense would not permit the history of recent 
coitus to rank as cogent evidence — “ No, no,” he said, “ they all do it.” But 
he had made a complete clinical examination of a patient in the tropics, detected 
the papulo-herpetiform primary lesion on under surface of prepuce, noted its 
rapid disappearance and watched the rise of the inguinal adenitis. It was a 
venereal disease of the tropics conveniently cloaked as climatic bubo. 

Now, Sir, from the simple stoker to the proud pro-consul. Such an one 
was also a patient in the Albert Dock Hospital in 1910. He accounted for the 
old scars in his groin by stating that when a young man he had served on the 
Frontier in India and there acquired climatic bubo. His present condition 
required that surgeons consult over him. One of them, Mr. President, was a 
distinguished member of your distinguished Service. After leaving the bedside 
the surgeons talked, as surgeons do. I kept respectfully in the background, but 
naturally within earshot. One surgeon was puzzled about this climatic bubo, 
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and the surgeon from India told him it was a common affection of the European 
in India, so much so, he said, that a lady out there had asked him how it was 
that so many officers had been wounded in the groin. 

In my 130 cases, the primary lesion was present in only four. It appears 
3 to 5 days after coitus and is painless. It is a woeful fact that events beneath a 
prepuce may go for long, or for ever, unnoticed — but when patients have noticed 
it they described the primary lesion as a pimple or a sore-blister. It usually 
disappears in at most 8 days — so I judge from histories. The four I have seen 
were exceptional in that they were still present 14 to 21 days after first appear- 
ance. The swelling in the groin is noticed by the patient 7 to 21 days after the 
infecting coitus. As in chancroid, so in climatic bubo, the male must be an 
inefficient transmitter of the infection. In climatic bubo there is rapid healing 
of the primary lesion, and with increasing painful inguinal adenitis increasing 
disinclination for sexual intercourse. And probably no transmission of virus in 
the seminal fluid. If all this be true then we have an explanation of the escape 
of the London dockland areas from infection ; but it carries the corollary that 
the primary lesion in the woman’s vagina must persist for very much longer 
than it does on the man’s penis. For the disease to take root in this country we 
must import infected women, or more of them. 

Of my 130 cases only two have been in circumcised men. A significant 
experience against the background of the many circumcised men attending my 
V.D. Clinic at the same hospital. In the prepuce-bearing man the surface of 
glans and under-surface of prepuce is delicate, softened by the moisture con- 
stantly present, and easily penetrated. The preputial sac is a warm, moist, 
chamber holding up the epithelial debris we call smegma — a good pabulum, in 
an ideal incubator, for the cultivation of streptococcus, as can easily be shown — 
and, I am sure, for the virus of climatic bubo too. 

The circumcised have many advantages, among them a lessened liability 
to climatic bubo, and no drawbacks. As to acquired immunity — I have not yet 
seen a case with the infection acquired for the second time. 

The virus of climatic bubo has been reported as infecting a finger — with 
consequent adenitis of epitrochlear and axillary glands — as infecting tongue and 
lip with submental adenitis. That this should occur is to be expected. 

Lacking animal inoculation tests — then the diagnosis of climatic bubo rests 
on clinical grounds. 

There might be some difficulty in differentiation between an early syphilitic 
chancre and the papulo-herpetiform lesion of climatic bubo, but the microseope 
will reveal spirochaetes in the chancre — or watching the case will settle the 
diagnosis. The chancroid ulcer is characteristic. When we come to the buboes 
— there are difficulties in individual cases. Comparison of numbers of chancroid 
buboes and climatic buboes shows that in climatic bubo, peri-adenitis is a more 
marked feature, there is less pain, fever more common, less suppuration, which 
tends to be at several points and is not frank and in one area as in chancroid, the 
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buboes usually far more chronic, they do not so often break down with fistula 
formation as in chancroid buboes. A healed primary lesion of climatic bubo 
leaves no trace. A healed s}'philitic chancre little if any trace. A healed chancroid 
ulcer, a sharp precipitous edge scar. In syphilis the adenitis is small in size and 
there is no peri-adenitis — except in the rare case where the primary chancre is 
also septic. Even if the climatic bubo case give positive Wassermann and Kahn 
blood tests — anti-syphilis treatment has no effect on the bubo. 

Lastly, there is the intradermal test introduced by Frei. I am here very 
much indebted to Dr. M.arsh.'^ll Findlay for his carrying out of animal inocula- 
tions for me, and to Mr. A. H. Walters who, at the Albert Dock Hospital, has 
prepared the antigens and has kept a daily, often hourly, critical watch and 
record of their effect when injected intradermally. It is, in fact, due to his 
initiative and persuasion that we started obser\’^ations on the Frei skin test. A 
true positive, we claim, should produce besides the marked erythema a nodule 
in the skin — Fischer’s “ Knotchen” — which should persist for at least 2 days. 

Three batches of antigen were made according to the methods described 
by Frei and HoFF^LANN, and, following them, used by Hellerstro.m. Each 
batch was prepared from material obtained from a separate patient with a 
climatic bubo : but no animal control inoculation for presence of active Hrus, 
Two of these batches failed consistently. One batch gave fairly good results for 
about 6 months and then failed consistently. These three batches were tried 
against another, a pooled antigen. I excised affected inguinal glands from 
selected cases. The e.xcised gland was bisected at once : one half was preserved 
by Mr. Walters, the other half submitted to Dr. Findlay for animal inoculation. 
By his finding active virus, we were able to select three batches of half-glands 
from three separate cases as known to be infected with the virus — and from 
these three batches Mr. Walters prepared a pooled antigen. We have found 
that such a pooled antigen gives true positives 3 years after preparation — and 
that such a pooled antigen will give positive Frei tests in 95 per cent, of cases 
of climatic bubo. Here again a positive in our reckoning means besides a well- 
marked erythema persistence of the nodules. 

The control intradermal test has been carried out always with Dmelco’s 
chancroid vaccine. This pooled antigen has been tested for control — on thirty- 
one cases of sero-positive syphilis with palpable, and in some of them visible, 
inguinal adenitis : twenty-eight gave completely negative results, three gave 
rather well-marked erjThema but no nodules. As against this, six cases diag- 
nosed as climatic bubo with persistent Wassermann and Kahn reactions all gave 
positive results. Then five cases of microscopically demonstrated gonococcal 
urethritis accompanying climatic bubo all gave a positive result. In a series of 
forty gonorrhoea cases in the male none gave a nodule : only three gave a 
more or less well-marked erythema alone. Twelve consecutive cases of chancroid 
cum bubo gave negative results. None gave even marked erythema. Of four 
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cases of venereal warts, unaccompanied by gonorrhoea, two gave erythema, 
rather well marked, and no nodules. 

My material has not allowed of observation as to how early after infection a 
positive skin test may be obtained— it may be got, however, 21 days after 
exposure to infection, and may persist for months. In one of my cases we found 
it still present 12 months after discharge from hospital — that is, 16 months after 
exposure to infection. In three of my cases of climatic bubo, using the pooled 
antigen, a negative result, that is an erythema only, was obtained 21 to 30 days 
after exposure to infection — but later, 42 to 51 days after infection, the same 
antigen on these same cases gave a positive result, that is erythema and nodules. 
In some cases of climatic bubo the pooled antigen has given repeatedly negative 
results. With this experience I must submit that no verdict should be given on 
result of the skin test alone, and the test should be repeated. Obviously antigens 
from different hands and different patients must vary widel)' as to potency and 
as to persistence of potency, and there is no agreement yet as to what constitutes 
a true positive, a negative, and a doubtful result. Standardisation is needed, 
and probably this can be attempted only by work in the laboratory and by 
animal inoculation. I submit it may be urgent — for a spate of cases, in perhaps 
great clinical variety, “ proved ” by “ positive ” skin tests may soon descend 
on us. And, what is the greater pity, though the lesser irk, true cases may be 
rejected on account of “ negatives ” from faulty antigens. 

Treatment of Climatic Bubo. 

In many cases there is rapid subsidence of the buboes after a few days’ rest 
in bed with no other treatment. If there be fluctuation pus should be aspirated 
and puncture sealed, with all aseptic care. The bubo should not be incised. 
Intravenous injections of T.A.B. vaccine hasten resolution of the adenitis. In 
some 85 per cent, of cases no other treatment has been given, and after 4 to 6 
weeks the patients have been discharged. But there remain the 15 per cent, in 
whom operation is advisable. It is true that in time, in all but a very few, complete 
recovery will take place — ^but this may mean many months. So that as a working 
rule, if after a fortnight there is no sign of quick, progressive, recover}'^ — excision 
of the affected glands should be considered. 

Operation often discloses that apparently but slightly enlarged glands 
contain many very small foci of pus — that the glands may have a small central core 
of lymphoid tissue, sometimes showing points of pus, surrounded by a dense 
fibrous wall. These glands could never recover. The operation is not one for 
the rash or the fumbling. The glands are adherent often to the spermatic cord, 
the femoral vein, the external iliac vein. 

There is no satisfactory evidence that any drug has any effect on the disease 
—though to-day if one should find or suspect an added infection of streptococcus 
the indication for sulphanilamide or sulphonamide compound would be obvious. 




Fig. 1. — Papulo-herpetiform primary lesion appeared 5 days after infecting coitus in 
South America ; still present on 26th day but had disappeared by 30th day without any 
treatment. No Spirochaeta pallida detected. 



Fig. 2. — ^Twenty-six days after infecting coitus in South America. Frei test positive. 

Wassermann and Kahn tests negative. 

Case 120. — Climatic Bubo. 


To flee page 5S2 
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Sulphanilamide (Bayer-Prontosil), in my hands, has so far always procured rapid 
healing of chancroid ulcers and buboes, quite apart from added streptococcus 
infection. These compounds are bound to be tried on climatic bubo. 

I now report briefly a case recently occurring in my private practice. An 
Englishman, married, 38 years old, consulted me for a supposed syphilitic rash 
on the body, and a discharge from the rectum accompanied by burning and 
itching. The rash was pityriasis rosea. No lesions on penis or genital area and 
no adenitis. Blood Wassermann and Kahn tests, repeated once, negative. The 
anal margins were moist with a thin, sticky, faintly yellowish discharge. Procto- 
scopy revealed just above the line of the anal papillae a number of pearly-looking 
bodies, like sago grains on a red base, situated on the lowest centimetre of the 
columns of Morgagni. They reminded me of the sago body urethritis some- 
times disclosed by urethroscopy of the male urethra. The patient gave a very 
strongly positive Frei test with the pooled antigen already described. The test 
was repeated after 3 weeks and was again positive. 

I was now able to pursue tactfully but persistently further enquiries. I 
elicited that he had, about 6 weeks before seeing me, engaged in sodomy with a 
young European in Eg}'pt. My patient had been both active and passive agent. 
A few days later he had gone to see the younger partner again, and found that 
he had been put to bed in a clinic, for, it was stated by the sei^'ant, a 
swelling in the groin, the result of a strain from riding a new pony. About a 
fortnight later still my patient resumed marital intercourse per vaginam et per 
rectum. 

I was able to take samples of blood and also to carry out the Frei test with 
the same antigen on his wife, but did not ask for a physical examination. Her 
Wassermann and Kahn tests were negative, the Frei test was also negative, and 
she denied noticing anything wrong with vagina or rectum. Digital examination 
per rectum of the husband did not reveal any thickening of the rectal wall, nor 
could any peri-rectal tumour be felt. No gonococci, no spirochaetes, no ova, 
protozoa or dysentery bacilli detected on examination of the rectal discharge. 

After 5 weeks’ use of rectal suppositories containing a bismuth paste nearly 
all lesions had disappeared. I have not seen him again. Probably this is an 
early case of direct infection of the rectal mucosa with the virus of climatic bubo. 

I must register my agreement with Dr. Stanxus in objecting to the nomen- 
clature. Climatic bubo is far too narrow and carries with it a false implication : 
for the bubo is but the less serious part of the disease, which is not climatic but 
world-wide. And lympho-granuloma inguinale is confusing — with other different 
and distinct lesions. I support him in his advocacy of the term — ^Poradenitis. 

In conclusion, I must express my deep indebtedness and my gratitude to 
Dr. G. M.arshall Findlay for his direct and valuable help, and for his researches 
into the aetiology of this infection — and in equal degree to Dr. Stannus, who 
opened for me a clearer and wider window on this disease. Dr. Stannus in 
person has indeed shown us that unrelenting research in the librarj'^ by one long 
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trained in clinical medicine, whose distinction in that field is unquestionable, 
may render to Medicine services no less signal than those given by research at 
the bedside, by necropsy, or at the laboratory bench. Lastly, I record my 
thanks to Mr. A. H. Walters for his assistance with my cases. His skill in 
making the antigens, his accuracy in watching and recording, and his demon- 
strating of the skin reactions to me — for long very sceptical — have convinced 
me of their value. 
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London ; {formerly of the Belgian Congo). 

All I can hope to add to this discussion is some information as to the 
incidence and symptomatology of this condition in the Belgian Congo, where 
in most urban centres and in some rural areas foci of the disease exist. 

My interest in the syndrome was first aroused by listening to the paper 
read by Dr. H. S. Stannus (1932)^' to the Royal Society of Medicine, in which 
he stated his conviction that cases would be found if looked for among native 
women in Central Africa. 

I realise that it is a verj’’ dangerous thing to look for anjiihing because 
one is sure to find it, but a subsequent search by myself and my colleague. 
Dr. R. E. Holmes, at the hospital of the Baptist Missionary Society, Yakusu, 
near StanleyAdlle, revealed a widespread incidence among women patients of the 
prostitute class. 

After one of the first cases of rectal stricture had benefited by dilatation, 
a considerable number presented themselves. The extremely unpleasant 
symptoms resulting from the chronic progressive ulceration and fibrosis, drive 
sufferers to avail themselves of any prospect of relief, which, unfortunately 
however, they generally fail to obtain. 

Cases of climatic bubo, in white and black males; had frequently been 
recognised at the hospital where soft sore, syphilis, septic and filarial inguinal 
adenitis are commonly seen. 

Frei’s skin test has proved itself as reliable as it is useful. 

In the absence of facilities for Wassermann or Kahn tests for syphilis, 
strong confirmatory evidence of that disease was afforded by a negative Dmelcos 
and Frei test in any case of bubo with a history of genital sore. Two cases 
in males illustrate the commonly observed aetiology and symptomatology among 
blacks. It should be noted that practically all males are circumcized in this area. 

Cases in Native Males. 

Cose 1. — Sailor, aged 40. Eight days after coitus with a prostitute, noticed 
a pimple on coronal sulcus, 15 days later left inguinal bubo burst. He was seen 
S weeks after infection with a fistula in left groin and a softened bubo in right 
groin. He was also suffering from try-panosomiasis but after sterilising treat- 
ment with Bayer 205 and tryparsamide the pus from the right bubo was 
aspirated and used for the making of Frei’s antigen. The aspirated bubo 
healed but the other remained fistulous. 

* Stannus, H. S. (’1932). Proc. R. Soc. Med., 26, 7-16. 



586 


CLIMATIC BUBO. 


Case 2— Male, aged 25 (see Plate). Seen 1 year after attack of inguinal 
adenitis. Had not noticed primary sore. Typical puckered scar in groin \yith three 
fistulous openings. Fibrosis and deformity at root of scrotum with three 
fistulae. Treatment ineffective. 

The Syndrome in Native Women. 

I have notes of the ten cases diagnosed in 1933. The following is a resume 
of the salient features. 

(1) Rarity of ingttinal adenopathy : one case in ten where the primary sore 
was on the fourchette. Healing occurred without fistulation. 

Another case with the primary lesion observed anteriorly escaped without 
the slightest inguinal adenitis, although her husband (Case 1 above), by whom 
she had been infected, had typical climatic bubo. 

(2) Frequency of association of rectal stricture with vulval lesions, i.e., 
in five cases out of the six in this series whose infection had lasted more than 
2 years. The stricture is formed between 4 and 7 cm. from the anus, and was 
generally accompanied by ulceration and a purulent discharge with ribbon- 
shaped faeces. Multiple fistulae often develop in the perinaeum and buttocks. 

(3) Three showed ano-vaginal fistulae, of i to 1-i cm. diameter. An 
attempt made to close one of these surgically proved unsuccessful, the sutures 
breaking down a week later. 

(4) The primarj' lesion is generally an ulcer on the labia or vestibule. 
The subsequent evolution of the local lesion lends itself by its variety to flights 
of descriptive eloquence and symbolic imagery. The essential factor is chronic 
ulceration with little epithelialization, together with surrounding induration. 
Thus mucous surfaces come to resemble turgid cockscombs with serrated edges, 
perforations or adhesive bands. I have seen the latter at the urethral orifice 
causing stricture. 

Skin covered parts become elephantoid wdth verrucose and fissured surfaces 
resembling relief maps. 

Reports from other IMission hospitals in the Congo confirm our experience 
of the frequent occurrence of this disease. In some it appears to be as frequent 
as gonorrhoea. 

Clinicians called upon to deal with such cases would welcome ; — 

(1) A reliable supply of Frei’s antigen which could be kept in stock. Suit- 
able cases of climatic bubo are rare, and do not as a rule furnish sufficient antigen 
for more than a few tests. 

(2) A specific remedy for this virus disease. 

Amputation of elephantoid excresences or dilatation of rectal stricture 
is the utmost one can do to relieve, and recurrences frequently follow. 

The syndrome causes a great deal of misery and disability in native women, 
but represents only a part of the major problem of venereal disease among 
primitive negro races. 



Fig. 1. — Climatic Bubo. One year after infection 
Note — (1) Depigmented spot on coronary sulcus, probable site of primary lesion. 

(2) Typical puckered scar in groin with three fistulae. 

(3) Distortion and induration of scrotum with three fistulous openings at root 







Fig. 2. — ^Ano-genito-rectal Syndrome. 
Note — fl) Catheter traversing ano-vaginal fistula. 

(2) Indurated peri-anal mucosa (not haemorrhoids). 

Rectal stricture was present. 










A-.' 


Fig. 3. — ^Esthiomene with Elephantiasis Vulvae. 

Note — (1) Vermcose surface of elephantoid tissue. Swab passed through perforation in left 
labium minus. 

(2) Elephantiasis of clitoris. 

f3) Partial atresia of vaginal orifice. 

To face page 5SC 
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Wellcome Bureau of Scientific Research, London. 


The disease, varjdngly referred to as climatic bubo, lymphogranuloma 
inguinale, lymphogranuloma venereum, lymphopathia venereum or pora- 
denitis has in the past few years received very intensive study. As a result, 
it is now realized that in man lymphogranuloma inguinale, to use the name 
most generally employed, is not restricted merely to a primary lesion in the 
genital region and a suppurating bubo involving the inguinal lymph nodes, 
nor even to such changes as stricture of the rectum, stricture of the vagina 
and elephantiasis of the vulva, penis and scrotum. Lymphogranuloma 
inguinale, in fact, is now recognized to be a generalized disease with such 
protean symptoms that in its early stages it may even suggest typhoid fever. 
Arthritis and skin rashes are not uncommon, while conjunctivitis and meningitis 
may occur. In addition characteristic biochemical changes have been recorded 
in the blood, such as a decrease in the lipin content, an increase in the percentage 
of free cholesterol (Rosen, Rosenfeld and Krasnow, 1937) and a hyper- 
proteinaemia \vith increase in the globulin and decrease in the albumin content 
of the serum (Williams and Gutm.an, 1936). 
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Since this somewhat changed conception of the nature of lymphogranuloma 
inguinale has occurred as a result of the successful transmission of the disease 
to laboratory animals and the demonstration that the causal agent is a filterable 
virus, it may not be without interest to review very briefly what is now known 
of the experimental disease in animals and of the nature of the virus. 


The Transmission of the Disease to Animals. 

Although from time to time claims had been made that lymphogranuloma 
inguinale could be transmitted to guineapigs by injection into the groin of pus 
from human inguinal buboes {cf. Gamna, 1923) the first definite evidence that 
the aetiological agent is a filterable virus was obtained by Hellerstrom and 
Wassen (1930) who showed that the intracerebral injection of certain species of 
monkey with material obtained from human lymph nodes infected with 
lymphogranuloma inguinale gives rise to a meningo-encephalitis which can be 
transmitted in series, after filtration through Berkefeld V or Chamberland 
candles. Although the rhesus monkey, Macaca midutta is relatively insusceptible, 
the infection is readily transmissible to M. inutts, M. cynomologus, Cercopithecii^ 
cethiops, Cercocebus fuliginosiis, Cynocephaltis babtiin, Cebtis fatuellus, Callithrix 
jacchus and C. penicillata. In addition to intracerebral inoculation, monkeys 
can also be infected by injection into the prepuce, when the inguinal lymph 
nodes become enlarged, into the peritoneal cavity, perirectal tissues {cf, 
Findlay, 1936), and by placing infected material on the scarified skin. Inocula- 
tion of infected material on to the scarified cornea does not set up a keratitis 
but injected into the anterior chamber of the eye there occurs partial corneal 
opacity and iridocyclitis followed by atrophy of the eyeball. 

After intracerebral injection in monkeys the virus may find its way into the 
blood stream and reach the liver, kidney, spleen and inguinal lymph nodes. 
, There is no evidence that the infection travels either centrifugally or centri- 
petally by nerves. 

The discovery by Levaditi and his collaborators (1932), confirmed by 
Findlay (1932), that the virus of lymphogranuloma inguinale can be trans- 
mitted to mice by intracerebral inoculation has been followed by an intensive 
study of the distribution of the virus of lymphogranuloma inguinale in various 
human lesions. In this country twenty-six strains of the virus have been 
successfully transmitted to mice by intracerebral injection, the amount injected 
being 0'03 c.c. of a 20 per cent, suspension of material. The pathogenicity 
of different strains, as previously pointed out (Findlay, 1933), shows consider- 
able variation. Two of the above twenty-six strains have proved highly virulent 
since they give rise to cerebral symptoms in mice 2 to 4 days after injection and 
® tendency to decrease in virulence. Other strains, after a variable 

num er o intracerebral passages, have lost their pathogenicity for no apparent 
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reason. It is sometimes possible to enhance the virulence of a strain by using 
for inoculation suspensions relatively rich in elementary bodies, such suspensions 
being prepared by differential centrifugation, as has been done in the case of 
vaccinia elementary bodies. 

The s 5 fmptoms seen in mice consist of roughening of the coat, hunching 
of the back and, in some animals, a purulent conjunctivitis, followed in a few 
days by death. 

After intraperitoneal inoculation, associated with injection of starch into the 
brain, the mice may die with meningitic symptoms (Findlay, 1933 ; Wassen, 
1935) : if the brain is not traumatized cerebral localization does not occur. 

Apart from monkeys and mice, meningitis has been produced in the cat 
(Levaditi, et ah, 1932), the dog (Findlay, 1933) and in rodents such as the 
field vole Microius agrestis, the spermophile Citillus citillus and the striped 
ground squirrel Eutamias orientalis. Intracerebral inoculation of guineapigs 
results in meningitic lesions in only a small percentage of animals, while intracere- 
bral injection of rabbits and rats is even less successful. Claims to have produced 
meningo-encephalitis in rabbits have largely failed to take into account the 
frequency of spontaneous rabbit encephalitis. The virus can, however, suiYuve 
for 10 or more days in the brains of rabbits but there is no evidence that the 
virus increases during this period. 

The production of buboes in the groins of guineapigs by subcutaneous 
injection of lymphogranuloma inguinale material has already been mentioned. 
Although such buboes can be produced with many strains of the virus it is not 
easy to transmit the disease in guineapigs’ groins for more than a few passages 
and in any case the buboes involving the lymph nodes, which appear about 
2 days after inoculation, only remain palpable for from 10 to 14 days after 
injection. The disease thus tends to be a self-limiting infection. Occasionally, 
however, there may be enlargement of the lymph nodes in the pelvis and 
mesentery. Nicolau (1932) has found that buboes may also be caused in dogs 
by injection of infected material into the groin, von Haam and Hartwell 
(1937) have given rise to a virus pneumonia in monkeys and mice by intranasal 
instillation of infected tissues. 

In addition to transmission of the infection by means of pus or excised tissues 
from the inguinal lymph nodes, Ravaut, Levaditi, Lambling and Cachera(1932) 
and Laederich, Levaditi, Mamou and Beauchesne( 1932), by employing an ingen- 
ious technique, isolated from inflamed rectal tissue a virus which agreed in every 
way with the virus isolated from inguinal buboes. The method employed 
by these observers consisted in implanting a portion of inflamed rectal tissue 
into the groin of a guineapig and then after a few days removing the corre- 
sponding inguinal lymph nodes which, though bacteriologically sterile, con- 
tained the virus. The strain of virus isolated by Mocquot, Levaditi and 
Reinie (1935) from an inflammatory condition of the colon is of interest, as with 
it Levaditi, Mollaret and Reini^ (1935), produced the histological changes 
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characteristic of lymphogranuloma inguinale in the rectum of chimpanzees by 
direct inoculation into the mucosa, while in human volunteers they reproduced 
the typical primary penile sore followed by involvement of the inguinal lymph 
nodes. The virus has also been transmitted to animals by material from a case 
of conjunctivitis (Levaditi, Bollack, Basch and Desvignes, 1936), while von 
Haam and D’Aunoy (1935) have obtained it in two cases from the cerebrospinal 
fluid. 


P.athological Changes. 

The primary skin lesion shows an infiltration with mononuclear leococytes, 
plasma cells, plasmacytoid cells and a few polymorphonuclear leucocytes. The 
infiltration is most marked in the dermis and seems to begin in the perivascular 
lymph spaces. The endothelial cells of the blood vessels swell up and eventually 
the lumen of the vessels becomes obstructed, leading to a local necrosis of the 
epidermis. 

The histological changes in the infected lymph nodes have been frequently 
described. In the earliest stage there is congestion of the vessels and accumula- 
tions of lymphocytes and mononuclear cells, derived from the germinal follicles 
which are in a state of active mitosis and from the reticulo-endothelial 
cells of the node, together with occasional giant cells and polymorphonuclear 
leucocytes. At the same time the fibrous stroma begins to proliferate. In a 
very short time the smaller trabeculae break down and small co-called stellate 
abscesses are dotted through the gland substance. If the nodes are near the 
surface the whole mass may then break down but if, as Walters (1935) points 
out, the nodes are situated deeply the proliferated connective tissue may be 
sufficiently developed to enclose the necrotic area which is eventually replaced 
by fibrous tissue. In monkeys and guineapigs the earlier stages of bubo 
formation are well seen with the formation of stellate abscesses, but actual 
breaking down of the gland substance does not occur. In monkeys, giant cells 
are not found although in guineapigs, cells containing three or four nuclei are 
occasionally present among the inflammatory cells. 

In the brains of animals injected intracerebrally with material containing 
the virus of lymphogranuloma inguinale the lesions are largely confined to the 
meninges, more especially the pia mater and subarachnoid spaces. The 
virus of lymphogranuloma inguinale does not in fact produce a true encephalitis 
since neither the nerve cells themselves nor the neuroglia show any direct reaction. 
The most characteristic reaction in the central nervous system is the presence of 
masses of cells in the Virchow-Robin space round the blood vessels and in the 
meninges ; these cells are collected into definite nodules, closely resembling the 
areas found in lymph nodes. In the adrenals of monkeys, collections of 
tymphocytes, plasmacytoid cells and occasionally polymorphonuclear leucocytes 
may be seen. These observations are of interest in view of the claims that have 
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been made that in man lymphogranuloma inguinale may on occasions involve 
the adrenals and kidneys {cf. Reichle and Connor, 1935, and Dore, Breuil 
and Lafferre, 1936). 

In connection with the experimental production of a fatal meningitis in 
animals it may be of interest to record the fact that a number of human cases 
have been reported with symptoms of meningitic involvement. Chevalier 
and Barnard (1932), for instance, described chronic meningismus in a woman 
with lymphogranuloma inguinale : the cerebrospinal fluid, which showed 
the presence of an excessive number of cells and albumin, gave a positive 
Frei reaction when injected intradermally. Midana and Vercellino (1934) 
reported two similar cases. David and Loring (1935) described epileptiform 
convulsions in a patient in whom the ano-rectal lesions had extended to the colon, 
while Rajam (1936) recorded a fatal case of meningitis in a patient with lympho- 
granuloma inguinale. Here again the cerebrospinal fluid gave a positive Frei 
test on intradermal injection. There is thus little doubt that as is the case 
in experimental animals lymphogranuloma inguinale may involve the human 
central neiA'ous system. Similar nodules to those found in the central nervous 
system are also produced in the chorio-allantoic membrane of the developing 
chick embryo. Fuller accounts of the pathological changes produced experi- 
mentally by lymphogranuloma inguinale are given by Findlay (1933), Wassen 
(1935) and Levaditi (1936). 

It will thus be seen that the essential lesion produced by the virus of 
lymphogranuloma inguinale is an involvement of lymph spaces and lymph 
channels. The particular lymph nodes and lymph channels involved depend 
on the site of inoculation and, since the virus is transmitted almost entirely by 
the lymphatics, on the distribution of the lymphatics leading from the site 
of inoculation. The extensive reaction associated with blocking of the lymphatics 
probably causes a secondary reaction from lymph stasis and at the same time 
explains how it is that infected tissues may become shut off” from the immune 
bodies present in the blood serum. Virus may thus remain active for long 
periods, despite the presence of virucidal immune bodies in the serum. Camino- 
petros (1935), for instance, has found virus present in the vagina at least 
IS months after infection. 


The Virus. 

Bodies which, it was suggested, might be of aetiological significance were 
first described by Gamna (1923) and Fawie (1924) in the cytoplasm of certain 
of the cells from inguinale buboes. These bodies are from 1 to 4/^ in size and 
in many cases stain positively by the Feulgen technique. Findlay (1933) 
pointed out their non-specific character since similar bodies were described 
by Flemming (1885) in cells from normal lymph nodes. 
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The credit for first describing what is almost certainly the causative agent 
goes to Gay-Prieto (1927), who mentioned the presence of small cytoplasmic 
granules in the cells from inguinal buboes I/lt or less in diameter and often 
occurring in small clumps. These granules were also described and figured 
by Findlay (1933, Plate IV, Figs. 7 and 8), who suggested the possibility that 
they represented the virus. This possibility has now been amplified, more 
especially by the work of Miyagawa and his colleagues (1935 and 1936). The 
granules in stained preparations appear either singly, in pairs or in short chains, 
sometimes arranged to form a circle. Certain of the diplococcal forms suggest 
division. Less commonly the granules appear as dense clumps, comprising 
some hundreds of minute bodies. Studies are now in progress in collaboration 
with my colleagues. Dr. R. D. Mackenzie and Dr. F. O. MacCallum, to 
determine whether these particles pass through a cycle in any way comparable 
to that of the psittacosis virus. 

The evidence that these granules actually represent the causal agent of 
lymphogranuloma inguinale may be summarized as follows : — 

(1) The presence of the granules in the lesions of lymphogranuloma 
inguinale in man, in the brains of infected mice and monkeys and in experimental 
buboes in guineapigs. 

(2) The presence of similar granules in the chorio-allantoic membrane 
of the developing chick embryo infected with lymphogranuloma inguinale 
and in the cells of the rabbit’s cornea grown in tissue culture (Nauck, 1937). 

(3) The presence of granules in Tyrode-tissue cultures of the virus of 
lymphogranuloma inguinale (c/. Tamura, 1934 and 1937). 

(4) The dimensions of the virus as shown by filtration through graded 
collodion membranes are similar to those of vaccinia virus, namely 0T25/J. to 
0T75/i (Miyagawa, et al, 1935^; and Broom and Findlay, 1936). 

(5) An anti-serum prepared in rabbits from which the elementary 
corpuscles have been removed by differential centrifugation contains no virucidal 
immune bodies : on the other hand an anti-serum prepared b)”^ the infection 
of relatively concentrated suspensions of elementary bodies, relatively free from 
tissue elements, contains virucidal immune bodies. It thus appears that the 
presence of elementary bodies is essential for the production of virucidal 
immune bodies. 

.Experiments are at present in progress to determine the relationship 
between the elementary bodies and the production of agglutinins and complement 
fixing immune bodies. 


Diagnosis. 

Various methods have been devised for the diagnosis of infections due 
to the virus of lymphogranuloma inguinale. The most important is of course the 
isolation of the virus by intracerebral injection either of monkeys or mice. 
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In addition, however, a number of diagnostic tests have been based on the 
immunological changes characteristic of the disease. 

(1) The allergic test, originally described by Frei (1925) is now well kno^\'n. 
The antigen may be prepared either from the pus or the nodes of an inguinal 
adentitis or from the brains of infected animals (monkeys or mice). The chorio- 
allantoic membrane of the developing cliick embryo may also be employed and has 
the advantage of eliminating extraneous viruses which may be contained in 
mouse or monkey brains. Paulson (1937 and 193S) has recehtly obtained 
positive Frei tests with material obtained by aspiration from the inflamed 
mucosa in cases of ulcerative colitis of undetermined aetiolog}% the material 
before heating being diluted 1 in 10 with azochloramide, thus confirming 
and extending the observation of Nicolas, Fatoe, Lebeuf and Charpy (1932), 
who obtained positive skin tests w'ith an antigen prepared from pus removed 
from a fistula associated with rectal stricture. The test is now generally 
regarded as highly specific though it has been suggested that the brains of 
apparently normal mice may produce a false positive when injected intra- 
dermally. The number of persons who are sensitive to mouse brain proteins 
is, however, exceedingly small. Among 2,000 persons injected for other 
purposes with mouse brain tissues only two showed any reaction at the site of 
inoculation. The chief difficulty in regard to the use of the Frei antigen lies 
in the fact that the activity of the extract cannot be easily standardized and that 
the activity decreases with keeping even in the ice chest. Some samples, 
however, show little decrease in activity even after IS months, while other 
antigens become inactive after only 2 or 3 months. Therefore, unless the 
material to be injected can be regularly tested on the skin of a person known 
to react positively, a negative reaction may be due not to absence of infection 
in the individual but to failure of antigenic potency in the material injected. - 

Occasionally when the intraderraal injection of OT c.c. of the antigen 
is negative the injection of 0-3 c.c. may produce a positive result. 

Very little work has been carried out on the factors underlying the Frei 
test. If the antigen is filtered through a Berkefeld V filter the filtrate is s till 
capable of producing a positive reaction but passage through a Seitz K filter 
which removes the greater number of elementary bodies also greatly reduces, 
or more commonly inhibits, the antigenic capacity of the filtrate. 

A similar association between the presence of elementary bodies and 
activity in the Frei antigen is shown by the follo\vihg centrifugation experiment. 
Active Frei antigen was centrifuged at 15,000 r.p.m. for 1 hour ; by this means 
all elementary bodies are throvm down and if the extract had not already been 
heated infectivity would have been removed from the supernatant. The 
supernatant fluid was pipetted off, the sediment washed in saline, recentrifuged 
at 15,000 r.p.m. for 1 hour, and the sediment resuspended in saline and 
centrifuged for 15 minutes at 3,000 r.p.m. This second supernatant was then 
pipetted off and the sediment discarded. The first or original supernatant fluid 

B 
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which failed to show the presence of elementary bodies failed also to give 
positive intradermal test. The second supernatant showed the presence 
uniform granules corresponding in size to those of the elementary bodies a; 
in addition gave a positive Frei test. 

It is thus possible to obtain a positive Frei test with a killed suspensi^ 
of washed lymphogranuloma inguinale elementary bodies just as in the case 
vaccinia, as shown by Craigie and Wishart (1933), an intradern 
allergic test can be obtained with killed suspensions of vaccinia elementa 
bodies. It, therefore, appears that the Frei test is an allergic reaction d 
to the presence of lymphogranuloma inguinale elementary bodies in the mater; 
injected. It is of interest to note that occasionally repeated intradermal injectio 
of Frei antigen may give rise to a hyperallergic condition as in the case of 
patient described by Nicolau (1937) where reddish brown papules appean 
on both arms 2 days after the injection of antigen into one arm. Accordii 
to Saenz (1935) exposure to X-rays may also increase the allergic response in tl 
skin. The exact length of time during which the Frei test remains positr 
in patients who have recovered from lymphogranuloma inguinale infectioi 
has not been accurately determined. In human cases experimentally infecte 
with lymphogranuloma inguinale, Wassen (1935) found that the Frei te 
becomes positive in from 6 to 13 days after infection and in three persons 
was still positive 398, 309 and 280 days later ; in two others, however, the tes 
though positive 41 days after Infection, was negative 109 and 116 after infectioi 
In cases of involvement of the rectum the Frei test apparently remains positii 
for some years, a finding which may possibly be correlated with the continue 
presence of the virus in the granulomatous lesions. 

Experiments to determine how far a positive test depends on the continue 
presence of virus in the tissues in man would be of considerable interest. 

Histologically the reaction produced in an infected person b)*^ the Fn 
test reproduces exactly the appearance found in the primary lesion. 

In addition to the Frei reaction a number of other tests have been devise^ 
for the diagnosis of lymphogranuloma inguinale. Reis (1934) believed tha 
when the Frei antigen was injected mixed with an equal quantity of the patient’ 
' own serum the reaction was intensified, while the intradermal inoculatio; 
of the patient’s serum not infrequently gave rise to an allergic reaction simila 
to that induced by the Frei antigen. Attempts to confirm these obsen'^ation 
have failed. 

(2) The guineapig intradermal test. This was described by Wassen (1934 anc 
1935) and consists in the intradermal injection into the guineapig of a mixture o 
virus-containing material, such as infected mouse brain and the patient’s serum 
as controls, virus and normal serum and virus and a known immune serum an 
similarly injected intradermally. At the end of 48 hours the point of injectior 
of virus and normal serum is marked by a small red indurated area, the centn 
of which breaks down to form a tiny ulcer, closely resembling, both macro- 
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scopically, and microscopically, the primary sore of lymphogranuloma inguinale. 
The point of inoculation of virus and immune serum shows no reaction. 
Although this test has the disadvantage that it necessitates the maintenance 
of a strain of the lymphogranuloma inguinale either in mice or monkeys, its 
accuracy is probably greater than that of the Frei reaction. 

(3) The intravenous injection of Frei antigen. This was found by 
Hellerstrom (1932) to give rise to a febrile reaction in persons suffering from 
lymphogranuloma inguinale. Ravaut and his colleagues (1932) have used this 
reaction in the diagnosis of the disease. Apart from the fact that the absolute 
specificit)'^ of the test is not yet established, the intravenous injection of antigen 
would seem not to be without possible dangers. 

(4) The mtracerebral test in mice. In this test a mixture of one part of a 
10 per cent, suspension of infected mouse brain and two parts of the serum 
to be tested is inoculated intracerebrally into mice in doses of 0-03 c.c. A 
control batch of mice is similarly inoculated with a mixture of normal serum and 
infected mouse brain. With an active virus the mice injected with virus and 
normal serum should develop sympyoms in from 5 to 10 days. 

(5) Complement fixation. Efforts have been made by a number of 
obseiA'ers to obtain complement fixation using a variety of antigens such as 
infected human inguinal lymph nodes, infected mouse and monkey tissues. 
In certain known cases of lymphogranuloma inguinale good complement 
fixation has been obtained but in others the results have been negative. Owing 
to these irregularities complex fixation is not a reliable test though it is possible 
that the infected chorio-allantoic membrane of the developing chick embryo 
may provide an antigen capable of yielding more consistent results. 

(6) Agglutination. As the virus particles of lymphogranuloma inguinale 
are approximately the same size as those of the virus of vaccinia, efforts are now 
being made to develop a flocculation test on the lines of that used in the diagnosis 
of variola. 

By means of the above tests, as well as by isolation of the virus in experi- 
mental animals, it has been possible to demonstrate that in addition to cases 
imported from abroad autochthonous infections with the virus of lymphogranu- 
loma inguinale undoubtedly occur in this country both in the form of pora- 
denitis (Stannus and Findlay, 1933 and Anwyl-Davies, King and Findlay, 
1933), or of rectal stricture (Findlay, 1936 ; Manson-Bahr, 1936 ; and 
Whittaker, 1937). 
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Discussion. 

Dr. H. S. Stannus: The three papers to which we have listened this 
evening have been particularly interesting as the authors have treated the 
subject from three different points of view. Dr. Hanschell has given us his 
personal store of experience from which one might be inclined to believe that 
this virus infection produced a disease of trivial and benign character. Speaking 
rather as the biographer of the subject than as one with much experience of the 
disease, I think it is perhaps as well to lay emphasis upon the fact that this 
is not always the case. It seems possible as you have heard from Dr. Marshall 
Findlay, that the virus may attack many parts of the body including the 
meninges, while the general symptomatology may be very varied. It is an 
infection worth carrying in one's mind when presented with some odd and 
unusual condition. 
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With. regard to the stricture of the rectum usually described as “ inflamma- 
tory stricture of the rectum,” I feel convinced that all cases are due to this 
infection. I have been unable to satisfy myself that any single case advanced 
in the literature as due to syphilis or gonorrhoea was in fact due to either of 
those diseases. In the female, the infection passes from a primary lesion 
commonly on the posterior wall of the vagina or fourchette to the pararectal 
tissues ; in the male, the condition is generally associated with a lesion in the 
anal region due to the practice of sodomy. Apparently rare in this country 
it is not uncommon'on the Continent and in the East. 

The swollen perianal tags, which may appear, have before now been mistaken 
for piles. They are exactly comparable to a similar condition of the vulva, 
more particularly of the nymphae and are best described as having a cock’s 
comb-like appearance as mentioned by Dr. Chesterman. Genito ano-rectal 
disease is common among native races and Dr. Chesterman’s experience 
has been that of many others working among indigenous races. Dr. Hanschell’s 
observations ‘upon the rectal case recently under his care are most instructive. 
The sago-grain condition of the mucous membrane suggests that described by 
Nauman (1931) about the vulva of a Haitan prostitute. The necessity of a 
reliable antigen for performing Frei’s test must have been realised by many 
during the last few years, and it is hoped one will be put on the market soon. 

The question of treatment still remains a matter of some difficulty ; the 
simple case responds quickly to simple means, but the difficult case may defy 
all methods. I should be interested to learn whether anyone present has had 
any experience with sodium salicyate in 6-8 gramme doses per diem by mouth 
(strict milk diet) combined with anthiomaline (antimonio-thiomalate of lithium) 
intravenously. 

The distribution of the malady is a little difficult to explain. It seems 
probable that the disease spreads from single foci sometimes as appeared to 
be the case in Roumania among medical students. I have seen three patients 
whom I suspect all gained their infection from a woman who parades the 
Charing Cross Road, in London. 


Dr. Manson-Bahr : The speakers have referred to the widespread nature 
of lymphogranuloma inguinale infections which has become quite an 
important subject in consulting practice. I have actually seen it, in the form 
of an acute bubo, being mistaken for plague in England and, of course, when 
met with for the first time its alarming appearance makes such a mistake 
possible. There is some reason, too, for believing that in former days in 
Hongkong lymphogranuloma inguinale was popularly regarded as a mild form 
of plague and was generally known as pestis minor. Of course, this had its social 
advantages for the sufferer from pestis minor was apt to be regarded as a national 
hero rather than a social pariah. 
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I have seen cases of lymphogranuloma inguinale with high remittent 
temperatures which have persisted for several weeks and which have been 
regarded as typhoid before the buboes in the groin became apparent. 

I have also seen cervical adenitis on more than one occasion which has been 
due to the lymphogranuloma virus and which has given a positive Frei test. 
There have been two instances of this infection which have come into the 
Hospital for Tropical Diseases and which had been acquired in this country. 
There was one typical bubo (the only one I have seen in a woman) in an Irish 
married woman from Soho and a similar bubo was present in her husband ; 
both gave a positive intradermal test. 

Regarding rectal stricture, I am perfectly certain that in the majority of 
cases it is due to this virus. As a matter of fact, it is very rare in Europeans 
from the tropics, for out of a series of 3,600 sigmoidoscopic examinations at the 
Hospital for Tropical Diseases during 16 years I have only got records of two 
fibrous strictures which gave a positive Frei skin test. I remember the terrible 
strictures I saw when a student at the London Hospital and how dissatisfied 
we were at that time with the effect of antisyphilitic treatment upon them. 


Dr. Findlay (in reply) : Dr. Hanschell has suggested that possibly the Frei test 
is a group reaction. As far as the evidence available goes it appears to be a true 
allergic reaction comparable to that which is obtained when vaccinia elementary 
bodies, either dead or alive, are injected into a person immune to vaccinia and 
present only when immunity has been acquired to the specific virus. My own 
Frei positive reaction developed some months after I had begun to work with the 
virus of lymphogranuloma. The development of immunity to virus diseases 
apart from accidental infection, is now well known in the case of a number of 
other virus infections such as poliomyelitis and Rift Valley fever. The time 
after infection at which the Frei test becomes positive is at present unknown nor 
is it certain whether it is dependent on the continued presence of living virus 
in the tissues. This question can onty be determined by someone who has an 
opportunity of keeping a patient under observation for a prolonged period. 
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ANTIMONY RESISTANCE IN ULCERATIVE GRANULOMA. 

BY 

K. "^'IGORS EARLE, M.D. (London), B.Ch. (Cantab.), 

Late Senior Resident Surgeon, General Hospital, Barbados, British West Indies. 


It is generally conceded (Manson-Bahr, 1935, and Rajam, 1937) that 
although antimony, especially the trivalent form, cures ulcerative granuloma in 
the vast majority of cases, yet there remains a small residue of cases which 
either relapse after several courses of antimony therapy, or become worse during 
its administration. Such types of resistance, occurring during the administration 
of tartar emetic, have been described by Low and Newham (1917) ; and by 
Giglioli (1928), but the last-named observer points out that resistance to tartar 
emetic does not necessarily imply antimony resistance, as many of his cases, 
previously resistant to tartar emetic, later reacted favourably to stibenyl. Rajam 
(1934) describes three cases which were resistant to urea stibamine, but responded 
to fouadin, and Hanschell (1929) instances a case which, resistant to antimony- 
potassium tartrate, cleared up when protein shock was combined with that drug. 

AIayer and da Rocha Lima (1927) suggest that antimony resistance may 
be due to mixed infections, which include syphilis, other spirochaetal infection, 
diphtheria and the Plant- Vincent organism. 

In a small series of “ antimony resistant ” cases observed in Barbados, I 
was struck by the fact that in -each case the Frei test was positive and three of' 
these cases showed such signs of the ravages of lymphogranuloma inguinale as 
chronic lymphatic enlargement, scars of old inguinal sinuses or oedema of the 
external genitalia. 

It would appear that the resistance of these cases to antimony therapy was 
due, at any rate in part, to the fact that the granuloma was implanted upon 
oedematous tissue, a fact that has also been noted by Bayley (1937). Moreover, 
the disease spread with increased rapidity in two cases where oedema was 
increased by circumcision, and in one case where a lymphogranulomatous 
oedema of the vulva was further increased by pressure oedema due to pregnancy. 

Giglioli (1928) observes that healthy tissue is only with difficulty attacked 
by the disease ; it probably takes advantage of the locus minoris resistentiae 

*I have to thank Dr. H. H. BAYLE^', of Barbados, for the kind use of his private 
laboratory for the pathological investigations. 
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caused by ulcerative or traumatic lesions of the genitals and groins, a theory 
which is supported by the observations of N.\IR and Pand.alai (1934), who 
have observed the development of the disease in circumcision scars and those 
following operation on buboes, piles and anal fissures. He mentions two cases 
and quotes a third by Iturbe of ulcerative granuloma developing in circumcision 
scars, but unfortunately does not state whether these were associated with 
genital oedema, showed any marked antimony resistance or had a positive Frei 
reaction. A case, associated with an elephantoid condition of the vulva, respond- 
ing to fouadin treatment is described by Williamson (1933) and co-workers, 
but the Frei test was not performed. The cases described by Rajam (1934), 
which reacted favourably to fouadin, all had negative Frei reactions and included 
one case of elephantiasis of the labium. 

Case Histories. 

The extreme prevalence of venereal disease in Barbados is reflected in this 
series of cases, which contains no “ pure ” form of ulcerative granuloma ; 
indeed, one patient had had gonorrhoea, syphilis, ulcus molle and lympho- 
granuloma inguinale in addition to ulcerative granuloma ! In every case 
lymphogranuloma inguinale either co-existed or had been acquired previously. 

The cases were, with the exception of Case 2, of the ulcus molle type 
described by R.ajam (1937). Case 2 was of the nodular dry type, the lesion being 
situated on a non-oedematous area, and responding to tartar emetic therapy. 
Case 3 was a mixed case, the lesion of the ulcus molle type, situated on an 
oedematous penis, being resistant to tartar emetic ; while the dry^ nodular lesion, 
situated on the non-oedematous groin, responded completely to tartar emetic. 

Case 1. 

C. B., a male negro labourer, aged 36, was admitted to hospital on 25th January, 1937. 
He has a vague recollection of having had a bubo in the right groin many years previously, 
followed by a slight permanent elephantoid condition of the penis. Five years previously 
he had had a sore on the prepuce, extending to the glans penis. He was circumcized, the 
penis became very' oedematous, and the sore on the glans continued to increase in size 
and to erode the penis. The progress of erosion was slow but relentless — the patient 
attended various out-patient venereal diseases clinics and appears to have had courses 
of salvarsan and antimony compounds. The first record I could examine showed that on 
11.2.36 a course of stibenyl had been given, but no improvement had resulted. Then 
followed the discovery that his Kahn reaction was weakly positive and he received a course 
of sulpharsenobenzol ; this did not affect the penile lesion. 

On ad?nission. A powerfully built man. Apart from the genital condition, no other 
lesions could be found. Genital examination showed an almost complete destruction of 
the penis, only 1 -5 cm. remaining. Micturition was free, and there was no dribbling after- 
wards. Around the penile stump was an almost circular depressed area of pale moist 
granulomatous tissue, involving the skin of the scrotum. Beyond this, the scrotal skin 
was underrrMed by sinuses. The granulomatous area gave a W’atery purulent discharge 
offensive odour. The scrotum was elephantoid, the testes W'ere normal in size 
and their sensation was unimpaired. The epididymes were normal. There was a hard, 
pain ess enlargement of two of the supero-intemal inguinal lymphatic glands of the right 
side. I he prostate and seminal vesicles were normal. 





604 


ULCERATIVE GRANULOMA. 


Observations. — Here, in non-oedematous tissue, rapid healing took place. 
The scars were in part pigmented, a fact noted also by Giglioli (1928), although 
Williamson (1933) states that the scars always remain de-pigmented. 

Case 3. 

H. B., a male negro carpenter, aged 21, was admitted to hospital on 25th March, 193/ . 
Three months previously lesions had appeared simultaneously on the prepuce and right 
groin : these had progressed in size, the penile lesion became painful and the prepuce 
could not be retracted. 

On admission. — A well built subject. No lesions found in cardio-vascular, pulmonary 
and central nervous systems. Linear granuloma of right groin exuding evil-smelling 
watery fluid. Penis oedematous. Prepuce non-retractile : pus issued from under it. 
Scrotum and contents normal. Slight tenderness and enlargement of prostate. 

Laboratory Findings. — Wassermann and Kahn reactions negative ; Ito-Reenstierna 
test negative ; Frei test positi^’e. Scrapings from both granulomatous areas showed 
Donovan bodies. 

Treatment and Progress. — On 29.3.37 a dorsal slit was performed revealing a granuloma 
which had considerably eroded the glans penis. A urethritis was present, the pus ftom 
which contained gonococci. The rest of the prepuce u’as removed. From 3.4.37 to 23.4.37 
the patient received a course of tartar emetic (15^ grains). On 5.4 .37 a bilateral epididymitis 
developed. At the end of the course of tartar emetic complete healing of the lesion in the 
groin had occurred, but the erosion of the glans penis had progressed considerably. 

Observations. — An example of the disease, in association with a positive 
Frei reaction and oedema, together with a circumcision wound, progressing 
during the administration of antimony. Also, in the same subject, ulcerative 
granuloma, located on a non-oedematous area, which responded to antimony 
therapy. 

Case 4. 

J. S., a negress, aged 21, was admitted to hospital on 4th April, 1937. Three years 
previously had a bubo in each groin : these had later burst, the resulting sinuses slowly 
healing. Following this the vulva began to swell. Six months previously a sore appeared 
in the perinaeum and gradually spread to the buttocks, anus and into the vagina. She 
became pregnant five months ago, and the labia majora, already enlarged, swelled further 
and gave rise to considerable itching. Coincidentally, the granuloma increased rapidly in 
extent ; became very painful so that coitus had to be abandoned ; defaecation also produced 
great pain. 

On admission. — ^A well-developed girl. No lesions found in cardio-vascular, pulmonary 
or central nervous systems. Abdominal examination showed a gravid uterus containing a 
living foetus : the pregnancy was 5 months advanced. Clitoris and labia majora (especially 
the left) enlarged and eiephantoid. In each groin were scars of old fistulae. In the perinaeum 
was an ulcerating granuloma extending into the anus behind and to the posterior wall of 
the vagina in front. From it exuded a watery fluid having a foul odour. There was no 
rectal stricture. 

Laboratory Findings. — Wassermann and Kahn reactions negative. Ito-Reenstierna 
test negative. Frei test positive. No microfilariae in blood-film. Scrapings from granu- 
loma showed typical Donovan organisms. 

Progress and Treatment. — From 3.5.37 to 21.5.37 a course of tartar emetic (16 grains) 
was given. The granuloma continued to spread, and spread throughout a second course 
of tartar emetic. 

Observations. — This is ulcerative granuloma of the ulcus molle type, super- 
imposed upon oedematous tissue produced by a previous lymphogranuloma 
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2. The association of these resistant cases with previous lymphogranuloma 
inguinale infection and oedema of the infected area is pointed out. 

3. A tentative explanation of the production of antimony resistance in 
oedematous tissues is submitted. 
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SOME NOTES ON SCORPION POISONING IN TRINIDAD. 

by 

JAMES A. WATERMAN, M.D., D.T.M. S: H.,* 

Colonial Hospital, Port of Spain, Trinidad. 


Introduction. 

The scorpions belong to the Phylum Arthropoda ; Class ; Arachnida, 
Order : Scorpionidea, and are grouped into seven families : — 

1. Buthidae. 2. Scorpionidae. 3. Ischnuridae. 4. Chaerilidae, 
5. Chactidae. 6. Vejovidae. 7. Bothriuridae. 

They are found in all warm parts of the world, and are nocturnal and very 
rapacious, feeding on spiders and insects. Human beings are only stung 
accidentally. 

\Vhen the scorpion is interfered with it brings into action its defensive and 
offensive apparatus. The sting is situated in the last segment or “ telson ” 
which is globular in shape and ends in a long curved spine, near the apex of 
which the ducts of the poison glands open. The pair of poison glands are 
situated in the globular part and are separated by a muscular septum, the con- 
traction of which forces out the poison. The scorpion never stings backwards 
but always in front of itself ; it consists of a broader front portion — the cephalo 
thorax and abdomen, and a narrower one, the tail. 

“ The venom,” according to Jackson (1910) and Kubota (1903), “ is a 
transparent liquid ; when agitated it produces a froth ; it is acid in reaction ; 
when evaporated, it leaves scaly flakes of dark yellow colour, which are soluble 
in water, normal saline, glycerine, and dilute alcohol. Pure alcohol, iodine, 
ether, ammonia and tannin precipitate the poison. Heating to 100° C. for 
30 minutes destroys the poison. The toxic principle is in the nature of a tox- 
albumin, a neurotoxin, which resembles, cobra venom and acts on the medulla 
and motor and plates causing death by paralysis of the respiratory system.” 

* I have to thank the Director of Medical Services, Trinidad, for permission to publish 
these notes, also Drs. Pawan and Gosden for Laboratory’- investigations and Drs. Rostant, 
Boucaud and Toi a Sue for informing me of some of their cases. 
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It also has a lecithi'de which haemolyses nucleated as well as non-nucleated 
blood corpuscles, as do the lecithides of cobra venom. (Kyes, 1903). Although 
the sting of a scorpion is very painful the poison as a rule does not produce 
general s3TOptoms in adults, but in children under 5 years of age the sting 
frequently causes death. 

According to Stitt (1923) the mortality among young children stung by 
Buthtis qidnqiiestriatiis is 50 per cent. 

Byam and Ahchibald (1923) quote Dr. Mohammed Shaheen who states 
that the mortality under 5 years of age is 60 per cent. In Trinidad the case 
mortality rate under 5 years is 25 per cent. 

The toxicity of scorpion venom varies in different countries and even in 
different sections of the same country. Wilson in 1904 recorded many deaths 
in the Sudan. 

The Durango scorpion of Mexico — Centruroides stijfusiis — was responsible 
for 1,608 deaths between 1890-1926 in the city of Durango with a population 
of 40,000 (Baerg, 1929). 

In Southern Europe and North Africa the black scorpion, Emcorpttis 
italicus, causes many fatalities. The high death rate led Todd (1909), of Cairo, 
to prepare an antivenine which is given in doses of 10 c.c. for adults, and 5 c.c. 
for children. It is prepared by immunizing horses against scorpion venom and 
using the serum. In Manchuria, Buthus martensi is the most venomous. In 
Trinidad the black scorpion is the most venomous and produces in addition to 
the nervous and haemolytic symptoms usually described, hyperglycaemia, 
glycosuria, pancreatitis, pancreatic cysts and cardiac irregularities. 

The virulence of the venom varies with the seasons — during the hot and 
breeding season it is more toxic. 

The etiology of acute pancreatitis will have to be revised in view of its 
occurrence following scorpion sting, as it is reasonable to assume that other 
toxins can affect the pancreas. The prevalence of diabetes mellitus may be due 
to toxins of acute infectious diseases partially damaging the pancreas, which 
has to carry on its work under great strain and sooner or later breaks down, thus 
producing diabetes. 


Scorpion Poisoning in Trinidad. 

1. — Incidence. 

It is very difficult to gauge accurately the incidence of poisoning by scorpion 
stings, as only the more severe cases consult a doctor or gravitate to a hospital. 
In certain districts of the Colony scorpions are more numerous, and perhaps 
more venomous. The cane fields of southern Trinidad from Couva to Siparia 
an the cocoa plantations of the north-eastern part account for the majority of 
t e atalities. In the coconut plantations the scorpion is not so numerous or 
Its sting IS apparently less dangerous. It is commonly found among the clothing 
an m s oes. Its presence in the home is not an inde.x of uncleanliness. 



JAMES A. WATERALAX. 


609 


Fowls, by eating the young scorpions, may be considered their natural 
enemies. 


2 . — Age and Sex. 

Sex has some influence in the incidence of scorpion stings for we have 
more males working in the plantations and so exposed to the dangers of stings. 
The number of cases increases pari passn as the age for the same reason. 

Fewest cases occur in infancy and childhood and the maj'ority from 13 years 
of age upwards. 


3. — MORTALITY RATE AND INCIDENCE. 

The mortality rate for the whole Colony is unobtainable, but the following 
figures have been derived from the records from 1929-1933 of one of the 
hospitals situated in the neighbourhood of a cane-growing district. 


Year. j 

Number of Cases. 

1 

Number of Deaths. 

Case IMortaliw per cent. 

1920 

136 

t 

5-14 

1930 

13.5 

6 

4-4 

1931 

12C 

4 

3-17 

1932 

112 

3 

2-67 

1933 

ISO 

13 : 

G-S7 

Totals 

Cases : 69S 

Deaths : 33 | 

Average mortalitj* : 

4-7 per cent. 


^lortality according to Age and .4ge Groups. 


Age. 

Cases. 

Deaths. 

1 

! Case Mortalitv per cent. 

1 

Up to 1 year 

16 

6 

37 -o 

Over 1-2 years 

15 

3 

20-0 

2-3 ,. 

20 

9 

4.5-0 

.. 3-4 „ 

IS 


11-0 


19 


10-5 

Age Group. 


t 

1 


1-5 years 

8S 

: 22 

25-0 

6-10 „ 

, 96 

1 5 

3-2 

11-20 

, 190 

t 5 

2-6 

Over 21 years 

' 324 

1 

f 

i 1 

i 

{ 

0-25 


C 
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Seasonal Distribution of Cases and Mortality. 


Month. 

1929. 

1930. 

1931. 

1932. 

1 

1933. 

Total. 

t 

No. of Deaths. 

Januaiy- 

13 

5 

4 

i 

1 10 

18 

50 

— 

February 

8 

4 

7 

9 

6 

34 

— 

March 

6 

3 

7 

5 

11 

32 

2 

April 

3 

9 

8 

, 12 

12 

44 

1 

May 

6 

12 

8 

1 19 

10 

55 

1 

June 

30 

21 

12 

1 10 

25 

98 

9 

July 

20 

18 

21 

! *1 

24 

92 

5 

August 

16 

15 

18 

i 13 

15 

77 

4 

September 

9 

17 

21 

1 9 

22 

78 

4 

October 

5 

14 

13 

1- 7 

21 

60 


November 

12 

11 

G 

! 3 

14 

46 

•> 

December 

8 


1 

1 6 

11 

32 

3 


Age of patients who died. 

One each at 5 months, 8 months, 1 year and 3 months,'and 2^ years. 

Two at 2 years, four at 1 year, eight at 3 years, two at 4 years, two at 5 years, two 
atCyears, ttvo at 7 years, ttvoat 15 years, and one each at 9, 12, 14, 18, and 46 years. 

The high death rate among children under 5 years of age is to be expected 
for the infant receives the same amount of poison as an adult, and as the volume 
of blood is much less the concentration of the poison will be much greater. 
Secondly, an infant has not the same resistance as the adult to disease, and 
thirdly, its nervous system is not yet fully matured as is frequently demonstrated 
by the development of convulsions in numerous conditions : teething, worms, 
etc. 

Morbid Anatomy. 

All the organs, especially the stomach, brain, kidneys, liver and heart, 
show congestion, certain organs show in addition other lesions as if they had 
borne the brunt of the infection, viz.: lungs in 25 per cent of the cases show 
gross oedema, probably due to heart failure ; small haemorrhages under the 
visceral pleura were sometimes seen, and also submucous haemorrhages in the 
stomach and subcapsular haemorrhages in the kidneys. The brain meninges 
were generally congested, with haemorrhages occasionally. The heart showed 
an increase in pericardial fluid and occasionally subendothelial haemorrhages. 
T e pancreas showed the following appearance in ten cases in which it was 
examined : a normal appearance in four, congested and enlarged in two, con- 
haemorrhages in two, and acute haemorrhagic pancreatitis in two. 
The blood on one occasion appeared rose red. 

.... violence of the toxin can be gauged by the celerity with which it 
1 s Its victims. In twenty cases the intervals between the sting and death 
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rhythm : often the pulse rate is 48 per minute. Frequently the respirations 
approximate the pulse, e.g., in one case temperature was 97° F. ; pulse 48 ; 
respirations 48. In children the tendency is for the pulse to be fast or normal, 
especially in severe cases with cold sweats and collapse, but even here the heart 
may be slow as the following taken from notes of three cases : T. 97°, P. 72, 
R. 30 ; T. 97°, P. 68, R. 56 ; T. 97°, P. 72, R. 36. . 

Blood Pressure. — The systolic pressure is generally above and the diastolic 
below normal. Frequently the pulse pressure is equal to and at times greater 
than the diastolic pressure. The pulse reminds one of Corrigan’s pulse. 

The following blood pressures taken from different patients may be given 
as illustrations : — 

Blood Pressure. Blood Pressure. 

S., age 12 years. 116/55 (2.10.34). R., age 14 vears. 150/80. 

115/60 (3.10.34). S., „ 20 „ 115/65. 

105 '60 (4.10.34). B., „ 21 „ 170/80. 

The Respiratory System. 

The respirations are always increased. The normal pulse respiration ratio 
of 4 : 1 becomes 3:1 or 2 : 1 and at times 1:1. Frequently the breathing is 
laboured and there is obvious dyspnoea but there is never cyanosis. The alae 
nasi are actively moving as though the patient cannot obtain sufficient air. A 
tentative explanation will be put forward during the discussion on the pathology. 

The temperature in the adult may be subnormal at first, but soon becomes 
normal and remains so. Occasionally there may be a rise to 99° or 100°. In 
the case of infants and children although they may be admitted in a collapsed 
condition the temperature soon rises to 101° but, in spite of the apparent reaction 
from the stage of shock, sudden deaths in this stage are not uncommon. During 
convulsions the temperature may rise to 105° or 107° F. and yet the patient 
may recover. 

The Nervous System. 

There seems to be at times a general irritability or hyper-excitability of 
the nervous system. The abdominal reflex may be very active, the knee jerks 
exaggerated. Knee and ankle clonus often obtained but not well sustained. 
Babinski is positive only on the side of the sting. Hiccough was noted in a 
few cases. Headache is a frequent symptom and sometimes persists for a day 
or two after the patient is apparently well. Epigastric and umbilical pain and 
tenderness have been mentioned already. Tremors are occasionally noted. 
Convulsions are common in infants and children and when they occur the 
prognosis becomes much lyorse but not hopeless. In adults convulsions have 
not the same serious significance but occasionally an adult succumbs. The 
convulsions may resemble those of eclampsia with a short tonic stage and a 
longer clonic stage. 
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SCORPION POISONING. 


vomiting, sugar in the urine and perhaps the pulse respiration ratio will be 
sufficient to diagnose the case. If the child is collapsed and not vomiting but 
rather drowsy, then inquire whether the child vomited or salivated much 
at home. Another important question to ask is whether the child gave a sudden 
cry sometime before becoming ill. If still in doubt then malignant malaria must 
be excluded, also acute infectious diseases, etc. 

The differential diagnosis in a case of a pregnant woman stung by a scorpion 
and developing convulsions from one suffering from eclampsia is very difficult 
unless much care is given to the case. The raised blood pressure, the epigastric 
tenderness, headache, dimness of vision and convulsions are common to each. 
The pulse respiration ratio and the presence of glucose in the urine should be 
a sufficient guide to a correct diagnosis. 

The effect of Scorpion Poisoning on Pregnancy. 

Four cases, 6, 6, 7 and 8 months pregnant respectively, were treated for 
scorpion sting without any effect on their pregnancies, but one case, 8 months 
pregnant, developed convulsions and was delivered 2 days afterwards of a 
healthy infant. 

The Excretion of Scorpion Venom through the Mammary Gland. 

One of my confreres narrated the following interesting case : the mother 
was stung by a scorpion with little effect shortly before nursing her child, which 
then showed symptoms of scorpion poisoning and died. 

Francis and Fayrer (1868) have recorded a case in which snake venom 
passed through the mammary gland. “ A poor Mussulman woman died at 
Madras from the bite of a cobra, she was nursing her child at the time and the 
latter succumbed in its turn a few hours later with all the symptoms of poison- 
ing, although it had not itself been bitten and had been suckled by its mother 
only once since the bite.” 


Prognosis. 

Prognosis varies with the age of the patient, it is very bad in children under 
3 years of age and improves with increase in age. The virulence of the different 
types of scorpion is being worked out at present. Convulsions and unconscious- 
ness are of evil omen especially in children. Severe shock with profuse cold 
sweats, fast thready pulse, subnormal temperature, is bad. The prognosis 
should always be guarded in children, for too often cases recover from the 
initial severe shock and appear much improved, and then suddenly die of heart 
ai ure. As the prognosis primarily depends on the amount of toxin injected 
into Its victim by the scorpion, it necessarily follows that the size of the scorpion, 
t e contents of its sac at the time of stinging, and whether the puncture was 
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made directly through the skin or whether through clothing, must be taken 
into consideration. 

The time of the year seems to have some effect on the death rate. During 
the months June to September there were 345 cases with a case mortality of 
6-4 per cent, and for the other S months 353 cases with a case mortality of 
3T per cent. 

The site of the sting appears to have no influence on the prognosis. The 
time that elapses after being stung and the onset of the symptoms would seem 
to have no prognostic importance. The sooner treatment is started after the 
sting the better the prognosis. 


Pathology. 

It is very intriguing to consider that this symptom complex — consisting of 
(1) The slowing of the heart, (2) Rapid respirations, (3) The hyperglycaemia and 
glycosuria, (4) The salivation and vomiting, (5) The vasomotor disturbance — is 
due to the action of the venom on the fourth ventricle, where the different 
centres are situated. 

The morbid anatomy and clinical findings will not permit of such an easy 
explanation. The hyperglycaemia may be due to stimulation of the sympathetics 
which acting on the liver converts glycogen into glucose as occurs in Claud 
Bernard fourth ventricle puncture e.xperiment. In as much as the pancreas is 
found sometimes to be in a state of haemorrhagic degeneration, we are forced 
to conclude — until further investigation is carried out — that the supply of 
insulin may be temporarily interfered with and therefore the glucose in the 
blood cannot be metabolised. No doubt the conversion of liver glycogen into 
glucose plays an important part in the production of the hyperglycaemia and 
glycosuria, for the following reasons : — 

1. The sudden onset of severe glycosuria. 

2. The equally sudden disappearance of sugar from the urine at times. 

3. The appearance and disappearance of the hyperglycaemia is nearly as 
sudden. 

The irregular actions of the heart such as extra systoles, partial heart block, 
appears to be more likely due to the action of the toxin on the conducting fibres 
in the heart wall, than to the toxin acting centrally on the vagus. 

The salivation aiid vomiting are no doubt due in part at any rate to the 
excretion of the toxin by the salivary' glands and mucous membrane of the 
stomach. The submucous haemorrhages and the vomiting of “ coffee grounds ” 
material and often pure blood reveal the haemolytic nature of the toxin. 

The albtmihiuria is the result of the toxin on the kidney parenchyma. 

■' The increased respiratory rate was one of the most fascinating features in 
some of these cases and could not fail to attract the attention of the clinician. 
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In the absence of a complete biochemical examination of the blood it is 
difficult to be dogmatic as to etiology but the following observations and 
deductions are stated for what they are worth. 

In some cases acetone and diacetic acid were found in the urine. One 
cannot help coming to the conclusion that an acidosis develops as in diabetes 
mellitus. 

The explanation given in text-books is, that because some of the “ alkaline 
bases ” have to be diverted in order to keep pH concentration of the blood 
fairly constant, the remainder of these bases in order to remove the CO., in the 
tissues and bring Oo to them, must make more trips to the lungs, which work 
at an increased rate to meet the demand. 

No doubt the slow pulse rate intensifies and accelerates the action of the 
lungs and may be physiological. Many of the signs and symptoms occurring 
in these cases remind one of the condition of acute hypoglycaemia which some- 
times occurs after a large injection of insulin. It is true that there is a large 
amount of sugar suddenly discharged into the blood stream, producing a hyper- 
glycaemia, but, this sugar may be considered to be “ raw ” and not the same as 
the “ refined ” sugar which is normally and slowly manufactured from glycogen. 
Or to put it more scientifically, the molecular constitution of the glucose which 
we may call B glucose circulating in the blood and produced rapidly by the action 
of the scorpion toxin, is quite different from the molecular constitution of the 
glucose normally produced by the body and which we call A glucose. 

Now B glucose cannot be metabolized by the tissues and therefore is 
excreted in the urine. The tissues of the body are thereby deprived of their 
sugar supply with the result that symptoms of acute hypoglycaemia follow : 
namely, signs of shock, pains in the epigastrium, rapid respirations, convulsions, 
coma and death. 

The production of shock varies in time of onset and severity : we may explain 
the onset of shock as due partly to the relative hypoglycaemia and partly to the 
action of the toxin on the nervous system, especially the vasomotor svstem. 
In adults, suffering from scorpion poisoning, we find that the pulse is slow, 
the cardiac impulses strong, the diastolic pressure which depends on the integrit}’ 
of the vasomotor system is very low, with the result that the pulse pressure is 
high, at times even greater than the diastolic pressure. It seems as though the 
slowing of the heart is Nature’s method of conserving her suppl}’' of glucose 
available to the heart and of keeping the circulation going in spite of the dilatation 
of the veins and capillaries. It is only when this fails as it frequently does in 
children, no doubt because their heart muscle cannot accommodate itself or 
stand the necessary strain, that we get signs of severe shock. 

The signs and symptonis of acute abdomen met with in some cases are no doubt 
ue to acute pancreatitis, the result of the toxin acting on the pancreas. The 
lastatic index of the urine may be 167 as stated in one case. 
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SCORPION POISONING. 


toxin n contact with the tissue fluids which may “ fix ” the toxin or render it 
innocuous. The difficulty with these methods is that by the time the patient 
reaches the doctor the toxin is already in the general circulation. 

If the pain at the site of the sting is severe an injection of novocaine relieves 

it quickly. 


Medical. 

Many drugs have been used. One drug, potassium permanganate, was 
used extensively intravenously in scorpion sting cases, but it has been discon- 
tinued. It is used locally for its oxidizing power as in snake bite. It was 
recommended by Professor de Lacerda (1881). 

More recently 2 c.c. colloidal manganese 0-25 per cent, have been injected 
intramuscularly and may be repeated in an hour’s time if necessary. Inniss 
(1927), who has much faith in this drug, believes that the drug acts through its 
manganese content. 

Now that the pathology is understood a little better a new line of treatment 
is being adopted. Glucose 10 per cent, in saline is given rectally, or a 3 per cent, 
may be given subcutaneously, followed by an injection of insulin which may be 
repeated if necessary. Blood sugar estimations are carried out whenever possible. 
Shock is treated in the usual way by warmth, pituitrin, and saline administration. 
Adrenalin is supposed to check vomiting. When convulsions occur morphia 
should be injected in large doses even in children. Chloroform is the remedy 
par excellence according to H. V. Jackson (1910). A few inhalations would 
render the patient quiet and usually put him to sleep. 

Sedatives recommended are ammonium bromide, chloral hydrate and 
hyocine. 


Summary. 

Figures showing the incidence of scorpion poisoning and case mortality 
are presented. 

The appearance of glycosuria, hyperglycaemia, acute pancreatitis, pan- 
creatic cysts, and cardiac irregularities are described and typical cases given. 

The diagnosis of acute pancreatitis is often missed, because, in the first 
place it is not easy to diagnose, secondly the acute abdominal pain may be 
attributed to the vomiting and retching. 

Pancreatic cysts appear with dramatic suddenness on some occasions. 

It it hoped this paper will stimulate other workers on scorpion sting to look 
out for the features mentioned above, as they are not found in the literature I 
have been able to obtain. 
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Cases. 

Case 1. — .5. M., age 50. 

Brought to my office on 21.1.25 with a history of having been stung by a scorpion on 
the previous day, and of having convulsions. The heart beat was fast and irregular in force 
Md rhjthm. The lungs showed signs of chronic bronchitis ; 1 /lOO grain digitalin was 
injected and soon afterwards he had a con\mlsion in my surgery. He was sent to hospital, 
where con^^Jlsions continued at intervals until 23.1.25 when he died. 

From this incident I regarded scorpion poisoning as a serious condition and, no doubt, 
it caused me to take an interest in the subject. 


Case 2 . — Boy aged 6 years. Convulsive type causing mental deterioration.. 

In 1928 was seen at 11 p.m. with the historj’^ of having been stung by a scorpion at 
. 5 p.m. that afternoon. He had vomited several times at home and then started to get 
comoilsions. He had several typical eclamptic con\'ulsions. After several injections of 
morphia and not before 2 a.m. was I able to retire to bed with an easy conscience but a 
heavy heart. The ne.vt day he was very drowsy and dull, this I attributed to the injections 
of morphia, but days passed and his mental dullness persisted. Three months afterwards 
the father reported to me that his boy previousl3' bright was now dull and stupid. 


Case 3. — y. F., age S years, schoolgirl. Transient hemiplegia folloiuing convulsions due to 
scorpion sting. 

Admitted to hospital 8.30 p.m. on 26.8.34 with the following history of having been 
stung on her left shoulder at 7.30 p.m. b}' a scorpion, and had vomited several times. 

On admission T, 9S'4°, P. 76, R. 28, she was conscious and was still vomiting bilious 
fluid. 

Heart and lungs : nil abnormal. Spleen and liver : not enlarged. Urine: sugar + + , 
albumin nil, 

27.8.34. 2 a.m., T. 101°, P. 100, R. 36, and at 2 a.m. she started to have convulsions, 

they were generalized and too numerous to count. At 6 a.m.: T. 101-4°, P. 96, R. 38. 
10 a.m., T. 102-6°, P. 104, R. 32. She was now in a semi-comatose condition with 
conjugate deviation of her eyes to the right. 2 p.m., T. 99-4°, P. 96, R. 28. 6 p.m., 

T. 99°, P. 100, R. 28. 

28.8.34. 2 a.m., T. 98-4°, P. 88, R. 20. .A.t 6.30 a.m., flaccid paralj^sis of the right 
arm and right leg was noticed. Urine : sugar and albumin, nil. 

29.8.34. 8 a.m., some power returning to the paralyzed limbs and the leg was recovering 
much faster than the arm. It was noticed that the right plantar reflex w-as extensor. 

30.8.34. She was able to walk about, but right upper limb showed marked incoordina- 
tion : the patient was discharged well 3.9.34. 

The routine treatment as stated in the body of this paper was adopted. 


Case 4. — H. H., male, aged 40. Convtdsiotis and blindness the result of a scorpion sting. 

(This case was reported by Inniss, 1927). 

The man w-as stung on the right leg at 1 1 a.m., while at work in the field, by a scorpion, 
which he saw and killed. Seen at 2 p.m., vomiting, restless, and feeling very ill. The 
pulse was 1 14, respiration 70, deep and full. Urine^: sugar -f- and albumin Colloidal 

manganese 2 c.c. was injected and his pulse, in lo minutes, was 100 and respirations 54. 
2.35 p.m., patient complained of blindness, i grain morphine hydrochloride was injected. 
2.40 p.m., patient had a typical eclamptic convulsion lasting 2 minutes. He recovered 
consciousness, and i grain morphia and 2 c.c. colloidal manganese were injected. 3 p.m., 
had another very violent convulsion, remained deeply unconscious for 20 minutes. After 
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the fit the pulse became small and rapid and the respirations nearly stopped. / mns. 
adrenalin chloride 1-1,000 and l i c.c. manganese were injected. The pro^osis appeared 
verv gloomy. 3.30 p.m., consciousness increasing, injected i gram morphia. 4.^0 p m., 
fully conscious and intelligent.^ Pulse regular and strong. He slept that night. Next 
morning pulse 76, respirations 21. 

For several days he suffered from headache and insomnia, but eventually recovered. 


Cases Developing Pancreatic Cysts or Pseudo-pancreatic Cysts following 

Scorpion Stings. 

Case o.—R. B., age 13, schoolgirl. Developed a pancreatic cyst after being stung by a scorpion. 

Admitted 6.6.34 with a history of having been stung by a scorpion on the right big 
toe at 2 p.m. on 5.6.34. The scorpion was killed by her mother and was carrying young 
ones on its back. Three-quarters of an hour after being stung she began to vomit and had 
pain in her epigastrium. 

On admission T. 98°, P. 68, R. 20. Vomiting in ward and complaining of epigastric 
pain. Urine: sugar + -f, albumin nil. 

7.6.34. 2 p.m., T. 100-4°, P. 104, R. 28. No vomiting but pain still in epigastrium. 
Urine : sugar and albumin nil. 6 p.m., T. 101°, P. 120, R. 28. 

8.6.34. Fairly comfortable. 6 a.m., T. 99-8°, P. 100, R. 28. 6 p.m., T. 99-6°, P. 96, 
R. 32. 

9.6.34. 6 a.m., T. 98°, P. 76, R. 20. Discharged. 

Re-admitted on 24.6.34 with a history that on 16.6.34 she began to suffer from pains in 
the epigastrium and back opposite stomach, and 4 days afterwards she noticed a swelling 
in her epigastrium. Urine : sugar and albumin nil. 

On admission, 24.6.34, T. 98-4°, P. 100, R. 20. A tense smooth tender swelling in 
epigastrium and extending from umbilicus to the xiphisternum. 

27.6.34. Tumour smaller and pain less. 

2.7.34. Tumour practically disappeared. Discharged. 

Re-admitted on 13.8.34 with a history that the swelling returned a week ago. On 
admission, urine : sugar and albumin nil. Cystic tumour in epigastrium. 

15.8.34. Urine albumin nil. 

11.9.34. Operation. Left paramedian incision. Pancreatic cyst revealed. Cyst 
incised and tube inserted. Small area of omentum showed signs of gelatinous degeneration. 

12.9.34. Fluid from cyst was dark brown in colour and contained large quantities of 
albumin, no sugar, diastase present. 

27.9.34. Tube removed. 

1.10.34. Discharged. 


Developed a pancreatic cyst a fezv weeks after bein 


Case 5 (a). — V. P., age 7, schoolgirl, 
stung by a scorpion. 

Admitted 6.5.33 with a history of having been stung by a scorpion about 3 weeks age 
and - days ago her father noticed a swelling in her abdomen. She suffers from intermitter 
pains in her abdomen and her mouth filJs with saliva frequently. 

On admission, T. 98°, P. 126. Heart and lungs : normal. Abdomen: tense rounde 
smooth fluctuating swelling in epigastric region, extending from umbilicus to xiphisternum. 
1 atient was very anaemic. Urine : nil abnormal. 

8 5 33 Tumour appeared larger. Peristalsis waves could be seen passing from lei 
to right. Complained of intermittent pains. 
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Blood examination : Hb. — 67 per cent ; Lymphocytes = 14 per cent. ; Eosinophil 
= 10 percent.; Large mononuclears = 9 per cent. Stools e.xamined : no ova were found. 

23.5.33. Operation. Left paramedian incision above umbilicus. Large cyst presented 
itself as though springing from the pancreas. The peritoneum was shut off, an incision 
made in the cyst wall and large tube inserted. Abdomen closed. 

24.5.33. T. 97°, P.102. No vomiting, complaining of abdominal pain. Examination of 
cyst fluid : albumin + + + , sugar -f , cholcsterin, red and white cells. 

16.7.33. Discharged well. 

Case 5 (6). — H. L., age 20. 

History : Stung by a scorpion in June, 1936. 

On admission there was a large cystic swelling in the epigastric area. 

6.10.36. Operation revealed a large unilocular smooth walled cyst. Marsupialization 
performed. 

Examination of fluid ; (1) Reaction alkaline ; (2) protein present ; (3) chlorides 
present ; (4) a trace of urea ; (5) diastase present ; (6) no trypsin ferment. 

Case 5 (c). — R. 

Stung by a scorpion in January, 1936. 

4.4.36. Operated on for a cyst in the epigastric region. 

Examination of fluid : (1) Reaction neutral; (2) large quantities of proteins; (3) 
diastase present ; (4) no sugar ; (5) no organisms on smear or culture. 

Case 5 (d). — 5., age 15 years, male. 

Admitted 10.25 a.m., 23.10.37. History: Stung by a black scorpion on 23.9.37 ; 
about a week afterwards a swelling appeared in his abdomen. This .swelling has been 
increasing in size and causing much pain. 

On admission there was a large cystic swelling occupying the epigastric region, size 
in. X 7-1- in. 

26.10.37. Ether and oxygen. Marsupialization of pancreatic cyst performed. 


Cyst Fluid. 

Quantity : 2 pints. 

Colour : brown. 

Reaction : alkaline. 
Proteins : 

Microscopic Examination. 

Epithelial cells. Red cells. 

Blood. 

Red cells : 4,500,000. 
White cells: 8,918. 

Hb. : 75-9 per cent. 
Neutrophils : 80 per cent. 
Eosinophils : 4 „ 


Chlorides : -r. 
Trypsin present. 
Tryptic activity — 1 . 
Diastase present. 


Fibrin threads. 


Small lymphocytes : 8 per cent. 
Large „ 4 

Mast cells : 1 per cent. 

Large hyaline : 3 per cent. 


Urine : no sugar. 


Sugar Tolerance. 

Specimen : Blood : 0-070 per cent. ; 

50 grammes glucose given by mouth : 

1 hour after : 0-154 per cent. ; no sugar. 

2 hours after : 0-076 per cent. ; a trace of sugar. 


Diastatic index : 167 units. 
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CASES WITH NOTES ON THE EXAMINATION OF BLOOD AND URINE. 

Case 6. — P. F., age 21. 

\dmitted 14.9.34 at 11.10 a.m. with a history of having been stung by a scorpion on 
her ikt shoulder at 8 a.m. Vomited several times greenish fluid at home. Had been stung 
three times previously but never suffered as much as on this occasion. 

On admission, T. 98°, P. 60, R. 48. Heart and lungs : nil. Urine : sugar -h + + , 
albumin nil. Salivating and vomiting in ward. 6 p.m., T. 98°, P. 72, R. 32. 

Laboratory report : — Blood : 12.30 p.m., sugar 0'26 per cent. 

„ 12.55 p.m., 0-24 „ 

1.50 p.m., 0-19 

Urine : 11.45 a.m., „ 2-0 

„ 12.30 p.m., „ 1‘7 

15.9.34. T. 98°, P. 72, R. 32. Urine : no sugar or albumin present. Discharged. 


Case 6 (a). — L., age 15, male. 


Admitted 1.55 p.m., 18.9.34. History : smng while working on a cane field at 11 a.m- 
on the fourth toe of left foot, and began to vomit at noon. Was stung 2 months previously 
but only suffered from salivation. 


On admission : T. 98°, P. 68, R. 24. Pulse full and regular. Heart : forcible beats 
Lungs : nil abnormal. Alae nasi moving rapidly. Complaining of pains in epigastrium. 
Salivating profusely. 

Urine examination ; — 2.30 p.m., sugar 3-6 per cent., no diacetic acid, no acetone. 

7.0 p.m., 3-6 

9.0 p.m., „ 1-6 „ „ „ 

12 midn’t, „ nil, doubtful „ „ 

19.9.34. 6.0 a.m., nil, diacetic acid present, trace of acetone. 


Case 6 (b). — E. P., age 9, schoolgirl. 

Admitted 6.30 a.m., 24.2.37. History : Stimg by a scorpion on her left arm and 
shoulder and right thumb at 4.50 a.m., 24.2.37. She vomited t^vice on her way to hospital, 
complained of pains in epigastrium. On admission : T. 97-2°, P. 92, R. 72. Heart: very 
irregular, dropped beats and extra systoles. Lungs : nil. Breathing very fast. Alimentary 
system : salivating, epigastrium very tender, also liver which was slightly enlarged. Spleen ; 
enlarged. Central nervous system : nil abnormal to note. Headache very troublesome. 
Blood pressure ; 140/75. Vomited several times. 

Between 12.30 p.m. and 4.25 p.m. she had seventeen convulsions. Nature of con- 
vulsions : — 

1 . She regained consciousness soon after fit was over. 

2. They were gperalized, starting frequently in the left upper limb. 

3. Duration varied from 4 minute to 4 minutes. 

4. She did not bite her tongue or foam at the mouth. 

Treatment. Four injections of morphia 1/8 grain each; potassium bromide and 
chloral ; glucose rectally and per mouth. 

25.2.37. She complained of headache and hunger. Blood pressure 95/70. Heart : 

regular. ' 

1.3.37. Discharged well. 
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Blood and Urine Examinations ; — 

Blood 11.13 a.m., sugar 0-230 per cent. 

„ 11.45 a.m., „ 0-208 „ 

„ 12.15 p.m., 0-158 „ Urea, 0-027 per cent. 

1.20 p.m. .. 0-130 

2.30 p.m., „ 0-98 

,, 3.30 p.m., „ 0-84 „ Chloride, 0*496 per cent, as NaCl. 

Urine, 10.30 a.m., „ 2-0 

„ 11.45 a.m., „ 1.2 „* Albumin -J-d-d-. 

12.15 p.m., „ trace. „ + + . 

„ 1.40 p.m., „ „ d-. 

„ 2.30 p.m. „ nil „ trace. 

Case 7. — R., female, age 11 years. A case of “ dystonia musctdonuji deformans ” or torsion 
spasm precipitated by scorpion sting. 

Admitted 4.10.33 with the following history ; that she was quite well until 4.9.33. 
She was stung by a scorpion that day, after which she vomited and at 10 p.m. began to 
get comoilsions but did not lose consciousness. She was taken to a district hospital the same 
evening and remained there 19 days, then removed from hospital as her condition did not 
improve, and while at home her body became twisted. She was then brought to the hospital 
at Port of Spain. Notes at the hospital were as follows : — 

Admitted 4.10.33. Temperature 105° F., and having convulsions. An injection of 
quinine \vas given and the temperature dropped. There was paralysis of the left side of 
the body. On admission on 4.10.33 examination ret'ealed : heart and lungs : nil ; liver and 
spleen : not enlarged, somewhat anaemic. She was quite intelligent and bright mentally. 
There was e.xtreme retraction of the head and hyperextension of the spine, especially in 
the lumbar region. Opisthotonus and pleurosthotonus of the right side of the body. The 
right lower limb was extended and kept rigid. The left lower limb was flexed at the knee 
with foot dorsi flexed. Waist acutely flexed. Right upper limb adducted flexed at elbow and 
wrist. Every few seconds there were spasmodic contractions of the whole body. The 
muscles were never completely .relaxed and readily contracted on the slightest stimulation. 
Babinski was positive. 

Blood Examination : Polymorphs 54 per cent. ; Large mononuclears 4-2 per cent. ; 
eosin 20 per cent. ; Large lymphocytes 2.3 per cent. ; Small lymphocytes 19-2 per cent. 

Urine : no casts, no blood, pus cells and Gram negative bacilli. 

Wasserman : positive + + . 

Blood calcium : 6.10.33, 10-7 mg. per 100 c.c. ; 9.10.33, 9-S mg. per 100 c.c. 

Stools : contained ova of Ankylostoma, Tricbocephalus dispar and Ascaris. The patient 
was treated for the worms with chenopodium. 

One of the characteristics of the condition was that she would cry out loudly, especially 
at nights. She was quite conscious of making the noise but was unable to control herself. 
This necessitated a hypnotic to procure for her and the other patients some sleep. She had 
to be fed on liquids and very slowly for swallowing was difficult. Her sphincters and 
sensation were normal. Fright or excitement aggravated and intensified the muscular 
contractions. 

Case 8. — f. J., age S years showing signs and symptoms o^ aaite pancreatitis. 

History : Stung on the left thumb 2.10.37. 

On admission to hospital at 9 a.m. she was sweating profusely and vomiting frequently. 
She complained of much abdominal pain. T. 98 , P. 100, R. 34. 
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On examination : Heart and lungs : nil abnormal to note. Abdomen : very tender. 

3.10.37. Abdomen distended, tympanitic and very tender especially in epigastric 
region. 2 p.m., T.100'4°, P. 120, R. 30. 

4.10.37. 6 a.m , T. 100-6°, P. 14S, R. 36. Diastatic index urine = 67 ; Blood: R.B.C. 
= 4,370,000; W.B.C. = 14,027; Hb. = 78-6 per cent.; Differential; neutrophils 80 per 
cent., small lymphocytes 8 per cent., large lymphocytes 9 per cent., large hyaline 3 per 
cent. 10 p.m., T. 100-6°, P. 140, R. 32. 

5.10.37. 6 a.m., T. 98°, P. 120, R. 32. Abdomen less distended. Patient states that 
the abdomen is less painful. 2 p.m., T. 100-2°, P. 136, R. 36. 

6.10.37. 6 a.m., T. 97-4°, P. 108, R. 24. Patient made an uninterrupted recovery. 
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are not included here as they were within normal limits. Without exception 
specimens of the fluid were subjected to Wassermann and colloidal gold tests 
to determine their significance in relapsing fever. In order to determirie the 
infectivity of the fluid, 7 specimens from 6 patients (Table II) were injected 
into splenectomized normal squirrels. Six of these 7 specimens were also 
centrifuged and their sediments were examined under the dark-field microscope 
for spirochaetes. When a lumbar puncture was done, a specimen of blood 
from the patient was obtained for Wassermann and Kline tests. 

Results. 

I. — PHYSICAL PROPERTIES OF CEREBROSPIX.AL FLUID. 

{a) The pressure of the cerebrospinal fluid was determined 44 times in 26 
patients. It varied from 150-190 mm. of water in 16 instances and exceeded 
210 mm. in two instances. In the remaining 26 instances it fluctuated between 
30 and 140 mm. 

(Z>) The appearance of the cerebrospinal fluid was always transparent, clear 
and colourless except in three instances in which it was hazy or pinkish due to 
haemorrhage from trauma during the puncture, in one instance in which it was 
icteric because the patient had jaundice, and in another instance in which it 
was xanthochromic because of haemorrhage from a previous puncture. 

(c) The leucocytes in the cerebrospinal fluid were counted in 50 speciniens 
from 26 patients. Their number varied from 8 to 20 per c.mm. in 16 specimens, 
from 32 to 82 in 4 specimens, and from zero to 6 in the remaining 34 specimens. 
The predominating white cell in all instances in which a differential count was 
done was the lymphocyte. 

(rf) The erythrocytes in the cerebrospinal fluid were counted in 50 specimens. 
The count, which was zero in 31 specimens, varied from 2 to 25 per c.mm. in 
10, from 30 to 50 in 3, from 100 to 400 in 3, and from 600 to 7,000 in 3 specimens. 
In the instances in which the cerebrospinal fluid contained considerable numbers 
of erj^throcytes trauma was found to be the cause. 

II. — CHEMICAL TESTS. 

(a) Tandy s and Ploune's tests were performed on 50 specimens from 26 
patients. Pandy s test was faintl}^ positive in 8 specimens of which 4 showed 
increased R.B.C. due to trauma from puncture. Nonne’s test was positive in 
4 specimens, of which 2 showed increased R.B.C. due to trauma from puncture. 

HI. — SEROLOGICAL REACTIONS. 

(fl) The Wassermann test was done on 50 specimens from 26 patients. Of 
16 patients whose cerebrospinal fluid was subjected to the Wassermann test 
from 2 to 4 times, 9 showed a transient but clear-cut positive reaction Avhich 
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suddenly became completely negative 4 to 18 days subsequently. Of the 10 
patients whose cerebrospinal fluid was subjected to the test only once, 2 gave a 
positive reaction. 

With every Wassermann test of the cerebrospinal fluid, Wassermann and 
Kline tests were done on the blood from the patient at the same time. The 
reactions of the blood were always negative. In several instances a Kahn test 
of the blood was also performed which showed a transient positive reaction in 
one case (Case 17). 

(i) The colloidal gold curve test was performed on 50 specimens from 26 
patients. In every instance the test was uniformly negative, except in Case 19 
in which the test might be considered to have given a slightly abnormal curve ; 
see Table I. 

IV. — SPIROCHAETES IN AND INFECTIVITY OF CEREBROSPINAL FLUID, 

Altogether 7 specimens from 6 patients were studied. Six of these which 
were examined under the dark field microscope showed no spirochaetes. When 
inoculated into normal but splenectomized squirrels 5 of the 7 specimens caused 
relapsing fever (see Table II). One of the 2 specimens which failed to produce 
infection in a squirrel was obtained when the patient had no fever (spontaneous 
recovery). 


Discussion. 

As seen in Table I, in many instances the leucocytes in the cerebrospinal 
fluid were increased and occasionally the pressure of the fluid was augmented. 
These changes, although not very marked, seem to indicate that in relapsing 
fever the central nervous system is more or less affected, at least in some cases. 
Petzetakis (1916) and Cawadias (1921) observed increased cerebrospinal fluid 
pressure in cases of relapsing fever showing a syndrome not unlike that of 
meningo-encephalitis, but the leucocytes in the cerebrospinal fluid in their series 
were not increased. Babes (1916) reported haemorrhagic meningitis in relapsing 
fever. The fact that the spinal fluid is infectious, as shown by squirrel inoculation 
in our series (see Table II), means that Spirochaeta recurrentis actually invades 
the central nervous system. Indeed, as early as 1907, Soulie reported the 
presence of numerous spirochaetes (species not determined ; S. duttoni or 
S. ohermeieri ?) in the cerebrospinal fluid of a patient showing meningeal 
symptoms during relapsing fever. The cells in the fluid were chiefly lympho- 
cytes but occasionally polynuclear leucocytes. In 1914, Brault and Mont- 
pellier recovered 5. duttoni from 2 of the 20 specimens of the cerebrospinal 
fluid from 20 patients subjected to a lumbar puncture. Similar observations 
were made by Wiener (191/) on cases of relapsing fever in Albany, by Leboeuf 
and Gambier (1918) on cases of relapsing fever in the Congo, and by Nitzescu 
(1921) on patients suffering from S. ohermeieri. In 1919 Plaut and Steiner 
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found that the cerebrospinal fluid of 5 of 10 patients suffering from general 
paralysis of the insane, under treatment with the African variety of relapsing 
fever (S. duitoni), was capable of producing infection (relapsing fev^er) in 
susceptible animals and remained infectious, in one instance as long as 69 days 
after the therapeutic infection, when the patient’s blood was already non- 
infective. Upon careful examination of one human brain by Jahnel (1926) and 
another by Jahnel and Lucksch (1927), S. diittoni and S. obermeieri respectively 
were found in the parenchyma of the two brains examined. Besides clinical 
observations, many obser\'ers including Buschke and Kroo (1923), Tomioka 
(1924), JOHANNESSHON (1926), KrITSCHEWSKI (1927), PrIGGE and ROTHEIt.MUNDT 
(1928), and Seyf.arth, Sarafoff and Kussitasseff (1925) brought forth experi- 
mental evidence to show the involvement of, and the persistence of infection in, 
the brains of infected susceptible animals like rats and mice, and concluded 
that the organisms were by no means exclusively blood parasites. Obviously 
5. dutioiii is more neurotropic than S. obermeieri. 

The most striking finding in our series, however, is the unusually high 
incidence of transient but definitely positive Wassermann reactions as shown 
in Table I. This has never been observed before. Without further investigation 
we hesitate to offer any explanation at present, although it appears certain that 
it is related to the relapsing fever infection, particularly in view of the fact that 
the blood of patients with Chinese relapsing fever not rarely gave a false positive 
Wassermann, Kahn, or Kline reaction as shown by T’ung and Chung (1937). 
None of the 26 patients in the present series had any history or physical evidence 
of syphilis. The Wassermann and Kline reactions of their blood were uniformly 
negative. 


SuM.AI.ARV AND CONCLUSIONS. 

1. The cerebrospinal fluids of 26 patients with relapsing fever have been 
studied. 

2. The physical properties of these fluids were normal in most instances. 
In some instances there was a definite increase in the leucocyte counts, chiefly 
in lymphoc}^es, and in a few instances the pressure of the fluid was somewhat 
augmented. 

3. Bandy’s and Nonne’s tests were weakly positive in several instances, but 
the colloidal gold test was negative, except in one instance in which it was 
slightly abnormal, 

4. Of 16 patients whose cerebrospinal fluid was subjected to the W^assermann 
test from 2 to 4 times, 9 showed a transient but clear-cut positive reaction which 
suddenly became completely negative 1 to 3 weeks later. Of the 10 patients 
whose cerebrospinal fluid was tested only once, 2 gave a positive Wassermann 
reaction. 
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5. The transient positive Wassermann reactions of the ceiebrospinal fluid 
are thought to be related to the relapsing fever, from which the patients were 
suffering. 

6. Seven specimens of cerebrospinal fluid from 6 relapsing fever patients 
were inoculated into 7 squirrels, of which 5 developed relapsing fever. 
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THE DEATH RATE AND EPIDEMIOLOGY OF SAIALLPOX 

IN HONGKONG. 

BY 

K. H. UTTLEY, M.A., M.D. (Camb.), D.T.M. H., 

Medical Officer, Hongkong. 


Lntkoduction. 

This paper Avill be concerned with smallpox as it occurred in liongkong, 
from 1897 to 1936 inclusive, among the resident urban Chinese of the Colony. 
The data have been collected by a personal inspection of all death registrations 
occurring during the period in question among the city dwellers of Victoria 
and Kowloon. For information about the structure of the urban Chinese 
population of the Colony reference must be made to my previous papers, Uttley 
(1938r7 and 19386) dealing with death rates from tuberculosis, and from all 
causes, where the material will be found for comparing Hongkong statistics 
with those from other places. It is not necessary to repeat it here. 

My data will be considered under the following headings : — 

(а) Standardized and crude death rates for Hongkong. 

(б) Age incidence of deaths. 

(c) Seasonal mortality. 

(d) Vaccination and its effect on the age incidence of deaths. 

(e) Coefficients of correlation between certain climatic factors and the 

monthly mortality. 

(/) A comparison of (e) with what has been found to apply to India. 

(g) Conclusions and summary. 

( a ) Standardized and crude death rates for Hongkong, 

Smallpox has been present in Hongkong during the British 'occupation for 
as long as there are records. Early records are, however, incomplete and I 
propose to commence with the year 189/, because it was not until that year 
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that a census was taken which was sufficiently accurate to enable the epidemio- 
logist to calculate standardized death rates. I have calculated the standardized 
death rate for each census year of the period under discussion, basing my calcu- 
lations on the standard British population of 1901, using the direct method. 
For intercensal years I have given the crude rate only, because the population 
of the urban areas of the Colony is too shifting in its nature to permit of a 
standardized rate being calculated for intercensal years. Hitherto no attempt 
to calculate the mortality of the disease has been made other than to state the 
crude rate for the Colony as a whole, and this includes Europeans, Eurasians, 
many thousands of inhabitants of junks and sampans and country folk, besides 
the urban Chinese discussed in this paper.* 

Table I shows the death rates from smallpox. It will be seen that in the 
census years, where standardized rates can be calculated, four out of the six 
years show a female rate exceeding the male rate in the proportion of three 
females to two males, and that in the other two years, the male rate has exceeded 
the female one by three to two. The table also shows that a year with a high 
mortality is usually succeeded by several years with much lower rates. Small- 
pox is a compulsorily notifiable disease, but notification is largely ignored. In 
an average year, such as for instance 1933, 69-3 per cent, of all smallpox cases 
were notified by the medical officers in charge of the public mortuaries, i.e. after 
death had occurred, and the Director of Medical Services has calculated that 
over 67 per cent, of all cases of smallpox avoid the notice of the Sanitary 
Authority and are never notified (Wellington, 1933). A major reason for this 
is that Chinese do not consider smallpox to be a serious disease, and are allowed 
to treat the condition by native herbalist methods. The degree of success of 
these methods is shown by the comparative statistics of a hospital run on native 
lines, where in 21 years 1,249 cases were treated for smallpox with a mortality 
of 46-8 per cent., whereas the Government Infectious Fevers Hospital during 
the same years dealt with 288 cases with a mortalitv of 14-2 per cent. (Welling- 
ton, 1932).f 


{b) Age incidence of de.aths. 

Table II shows the deaths at ages per 1,000 living at ages ; British figures 
for 1901 have been added for comparison. For the first five census years the 
mortality fell upon the younger age groups much more heavily than it did in 
England and Wales, owing to the relatively large numbers of vaccinated children 
in the latter country. 


It k ® Hongkong has always been of the variola major form. 

k ^ r sometimes mistaken for smallpox, but the mortaliw from the 

m wboked »>^troduced, may for the purpose of this paper be 

■t N.B. The standard error of the difference betiveen these two percentages is 2-495. 










638 


SMALLPOX IN HONGKONG. 


Except in 1931, when the figures were too small for accurate comparison, 
at ages 0 to 4 years, the female rate is always higher than the male one, as in Britain 
in 1901. At 5 to 9 years of age, the male and female mortality figures, though they 
vary a good deal from one census year to the next, bear a closer relationship to 
each other than do the British ones for 1901. In the group aged 15 to 19 years the 


Table II. 

DEATHS FROM SMALLPOX AT AGES PER 1,000 LIVING AT SUCCESSIVE CENSUS YEARS. 
(Figures for England and Wales for 1901 given for comparison.) 


1897. 

1901. 

1900. 

1911. 

1921. 

1931. 

Engl.Ti 

Wales 

id and 
1901. 

L, M. 

F. 

1 

M. ; 

1 

1 

F. ; 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

D 

M. 

F. 

i 

- 1 

0-2.7 

13-50 

2-05 

3-47 

5-70 

5-72 

7-37 

11-39 

2-52 

3-47 





« 1 

3- 13 

3-25 

0-40 

0-53 

0-95 

0-72 

0-90 

1-29 

0-52 


— 




1 

- i 

I'Ol 

1-G2 

0-27 

0-10 

0-13 

OGI 

0-51 


0-10 


— 

0-04 



i 

, i 

0'5l 

0-52 

0-19 


0-05 

0*52 

009 






0-012 


- , 

0-C2 

0-17 

0-11 

0-10 

0-35 

0-2G 

0-10 


0-16 

0-18 


— 

0-015 

0-013 

- i 

053 

_ 

0-09 

1 

0-10 

0-00 

— 

Oil 


0-11 


0-01 


0-036 


- 

0'29 

0-29 

1 0-11 



0-10 

1 0-10 

0-14 



0*04 

. 


0-045 


- 

0-08 

0-61 


— 

I 

j 0-17 

0-11 

0-13 

0-04 


— 




0-011 


— 

— 


— 

[ 

1 

0-11 


— 

— 

— 

— 



) 




, 

1 

t 

i 

t 

1 






^ O-OOG 

0-001 


male rate has been usually much less than the female one, this being the reverse 
' of the British figures for 1901. In each successive male age group from 15 to 34 
there is a moderately constant death rate in any one census year (though varying 
considerably from one census year to the next, depending on the severity of 
smallpox), which is in marked contrast with the tripling of the rate in England 
and Wales for the same age groups in 1901. The Hongkong female rate, on 
the other hand, usually fell steadily from 15 to 34 years of age, again in contrast 
to the 34 times increase in the corresponding British rate for 1901. Figures 
for 35 years of age and over are too small for any deduction to be made from 
them, though it is of interest 'to note that except for one year the male rate at 
ages 35 to 44 has always been the same as the female one. 

In considering the age incidence of deaths it is necessary to bear in mind 
the different composition of the population in Hongkong from that of England 
and Wales. Details of this are given in my paper, Uttley (193SZ)) on death 
rates in Hongkong, but briefly it may be said that there was a smaller proportion 
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Males . — At ages 0 to 4 there was a steady rise from 1897 to 1930 in tlie 
percentage of those dying in this age group, the figure having more than doubled 
in that time. In tlic last 6 years however, the figures dropped from 74-8 per 
cent, to 61 -7 per cent. As will be seen later, this fall is due to the intense vaccina- 
tion campaigns instituted since 1929. In the age group 5 to 9 years, the initial 
percentage of 15-9 fell to 5-7 in 1911 to 1920, to rise a little since. In the next 
group there has been a continuous fall. In the groups aged 20 to 34 years, there 
was a fall until 1930, and then a rise. From 35 to 54 years of age there were 
irregular fluctuations in the percentage, while at ages above this, there were 
too few deaths to be able to infer any changes. 

Females . — At 0 to 4 years of age the changes were similar to those occurring 
among males of the same age, but the percentage was consistently higher than 
in the corresponding male group. At 5 to 19 5 'ears, there was a steady fall until 
1921-1930, after whieh there was a rise. In the next age group there was an 
irregular fluctuation in the figures. At 25 to 44 there was on the whole an 
irregular rise throughout the period. At 45 -to 54 years, the initial figure of 
1-8 per cent, fell to a steady low figure of about 0-2 per cent, until the last 6 
years, when it rose to 0-7 per cent. There were very few deaths at ages of 55 
years and over. 

Comparison of male with female mortality . — Until 14 years of age the female 
rate is higher than the male rate except at 5 to 9 years of age in 1901-1910 and 
1911-1920. At higher ages, i.e., during the working years, the male rate almost 
always exceeds that of females. 

This table emphasizes the fact of the heavy mortality from smallpox in the 
first 5 years of life, amounting to over three-quarters of all smallpox deaths in 
the 10-year period 1921-1930. In this respect the mortality resembles that 
whieh occurred in England in the eighteenth century, before the introduction 
of vaccination, when the death rate under 5 years W'as SO per cent, of all smallpox 
deaths (McV.ml, 1923). 


(c) Se.asonal Moutality. 

Table IV shows the seasonal mortality from smallpox. As elsewhere in 
the world, it is essentially a winter and spring disease, but there arc sporadic 
cases throughout the year. Deaths usually begin to be reported in numbers 
in November, but epidemics are not expected until January, after which they 
last until the end of April. 

It is worth while to point out in this connection a custom of the Chinese 
of South China, which undoubtedly has an influence on the spread of the 
disease, and it is that as soon as winter is over, a large proportion of the popula- 
tion take all their winter clothes to the pawnbroker for safe keeping until the 
beginning of the cold weather. As these clothes are not disinfected, aired or in 
any way treated for any fomites, but are packed away on shelves, close to others, 
-smallpox infection is probably still present in the garments when they are taken 
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out of pawn, thus tending to spread the disease when they are worn again. 
Winter clothes are not changed very often, and as members of the family huddle 
together at night for warmth, the spread of the disease is further facilitated. 


Table IV. 

AVERAGE ^tO^IT^ILY AND QUARTERLY MORTALITY FROM SMALLPOX, HONGKONG ; 1897-1930. 


Month. 

Percentage of all smallpox 

1 M ' 

1 Month. 1 

Percentage of all smallpox 


deaths. 


' 1 

J 

dc.aths. 


January 

17 -.3 


1 

April 

14-2 


February 

17-() 


May 

7-7 


March 

. 

l.'5-7 


June ^ 

4-] 


First quarter 



r.0-0 

.Second quarter 



2G-0 

July 

1-7 


October 1 

2-3 


August 

1-1 


November j 

5-9 


September 

0-9 


December 1 

12-1 


Third quarter 

3-7 

Fourth quarter 



20-3 


Total smallpox deaths 


{d) Vaccination and its effect on the age incidence of deaths. 

Until 1928 there was very little vaccination carried out in the Colony. 
During the years 1910-1920 there was an average of 15,000 every year. From 
then until the end of 1927 the average rose somewhat irregularly and slowly. 
In 1928 the matter was taken up with certain first aid societies and other bodies 
in order to have annual campaigns to interest the population in the question, 
with the result that a steady average of well over 300,000 have been vaccinated 
annually since, equal to 2|' times the population of the Colony. It inust be 
remembered, however, that a large minority of the urban population is con- 
stantly travelling to and from Hongkong and China, so that there is always a 
reservoir of unvaccinated people in the Colony. Chinese do not object to 
vaccination, on the contrary, they welcome it when they see its advantages, but 
they object to infants being vaccinated until they have passed their second 
Chinese New Year. “ A child born just after the Chinese New Year is thus 
2 years of age before it is vaccinated. In spite of the law requiring children to 
be vaccinated within 6 weeks of birth, many remain undone until the so-called 
propitious period, and thus there is always in the Colony sufficient suitab e soil 
for the growth and development of the smallpox virus Wellington (1933). 
As soon as the Chinese New Year is over the dispensaries and hospitals of the 
city are crowded Avith mothers bringing their infants to be vaccinate . consu er 
that this local prejudice is the reason for the small fall m the mortality belmv 
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2 years of age seen in Table III. The extensive vaccination campaigns of the 
last few years have altered the mortality at ages in an interesting way. If 
reference is made again to Table III, it will be seen that in the years after 1930 
a fall of 11 per cent, has occurred in the “ persons ” group aged 0 to 4 years, 
that there is little change at ages 5 to 14, and that above 14 the percentage has 
risen. This rise is largely a relative one, because it is children who have been 
vaccinated in proportionately larger numbers than adults, thus leaving a relatively 
larger proportion of adults to be attacked by the disease. 

If the deaths occurring in each intercensal period are investigated, and the 
percentage at ages 0 to 4 examined, it will be seen that the steady increase from 
1897 to 1930 became arrested, and fell during 1931-1936. The differences 
between the figures of one intercensal period and the next are all statistically 
significant, and I consider that it is right to infer that the decrease after 1931 
must be due to vaccination, because I have been unable to discover any other 
factor or group of factors that might have caused this change. 

It is as yet unwise, however, to draw any conclusion as to whether the low 
crude death rates met with since 1930 are due to the intense vaccination cam- 
paigns or not (though they probably are due to them), because population 
estimates, and therefore crude death rates calculated from them, may be some- 
what inaccurate owing to such economic factors as the recent slump affecting 
the numbers of certain elements of the population to a greater or less extent 
than has been allowed for. 

Fatality rates among the vaccinated and unvaccinated . — Unfortunately the 
returns are not sufficiently complete to allow of a determination of the different 
fatalities among the vaccinated and unvaccinated. 

(e) Coefficients of correlation between certain climatic factors 

AND THE MONTHLY MORTALITY. 

I have calculated the coefficients of correlation between the four main 
climatic factors, namely rainfall, temperature, relative humidity and pressure, 
and smallpox mortality for the 40 years under discussion. The total frequency 
for each factor being 480, the standard error in each case is 0-04569, assuming 

S-E- is These values are shown in Table V. 

In the first column of figures, the climatic factor is correlated with the 
smallpox mortality for the same month. In order to test whether the maximum 
mortality from smallpox coincided with the peaks of the various climatic factors 
or whether there was a lag of 1 month or more between the two, I have used 
Russell and Sundararajan’s (1929) method of calculating these delays for the 
disease in India. The second column of figures shows the mathematical values 
for a delay of 1 month between the climatic factor and smallpox deaths, i.e., 
January pressure figures are correlated with February mortality, February 
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Tahle V. 


conri iciEXTs oi- cokuel-ation BirrwEEN’ 

nOX'GKOXG 

CERTAIN CLIMATIC 

1897-1931), 

I'ACTORS AXD 

SMALLPOX, 

Climatic factor. 

Lnpo 

Lagi 

Lago 

i 

Lags 

.Atmospheric pressure 

oioasG 

0-ilS94 

0-18815 

O'Onois 

( 

Relative humidity 

-()0.")28() 

-0143)9 

-0-18288 

-0-18729 

Rainfall 

-01514^ 

-0 1(502() 

-0-12151 


Monthly mean temperature 

-Oi’aO.IT 

-0-i’iS92 




pressure figures with the March mortality from smallpox, and so on. The third 
set of figures shows the values for a delay of 2 months, and the last for one of 
3 months. 

Pressure. — This is the onl\- climatic factor with a positive value, and the 
table shows that smallpox prevails when atmospheric pressure is highest. There 
is no significant difference in the figures for the first three lags. 

Relative humidity. —The coefficients for all four lags are negativ'e ; that 
for lago is not significant, and that for laga being the highest, one can infer that 
a 3 months’ lag occurs. The figures indicate that smallpox is not likely to assume 
an increased virulence when the relative humidit)’’ is high, such as is the case 
in the summer months. 

Rainfall. — Here all \ alues are significant and negative, with a lag of 1 month, 
showing that rainfall has a maximum inhibitory effect on smallpox after a delay 
of 1 month. 

Mean Monthly Temperature.— Hero again all values are negative and 
statistically significant, the maximum value being lago- 

It can be argued that these figures tell one nothing more than what is 
known to anyone who has watched smallpox in the Far East, but the coefficients 
of correlation supply an exact value for Hongkong climatic values which enables 
the epidemiologist to compare them statistically with similar data in other 
countries. 

(/) A COMPARISON OF THE COEFFICIENTS OF CORRELATION WITH WHAT 
HAS BEEN FOUND TO APPLY TO INDIA. 

Russell and Sundararajan (1929) gave separate figures for each of the 
thirteen divisions into which they divided India, so I cannot conveniently re- 
produce them, but it is easy to summarize briefly their results and compare 

them with mine. „ . r i 

Pressure.-Thoso authors found that in India the coefficients were of much 

the same magnitude as for temperature, but of opposite sign. e same app les 
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to Hongkong. They found however that in India there is a 2 months’ lag, 
whereas in Hongkong there is no lag. 

Relative humidity . — Indian values were negative except in parts of Madras, 
and in most cases there was a lag of one month, all being statistically significant. 
In Hongkong, though all are negative, lagg is not significant, and there is a 
lag of 3 months. 

Rainfall . — Russeli. and Sundararajan found a negative association every- 
where, with a lag of 2 months in most cases. In Hongkong there is a lag of 
1 month, and it is also a negative association. 

Temperature . — In India it was found that there was a 2 months’ lag, the 
coefficients being negative and significant. In Hongkong also the values are 
negative and significant, but there is no lag. 

Climatic conditions in different parts of India vary considerably, but the 
comparisons I have made above are of interest when it is remembered that 
Hongkong is in the same latitude as Calcutta, and is subject to a wet monsoon 
in the summer and a cool dry season in the winter, as are many parts of India. 

Table VI and the graph show the relationships between these climatic 
factors and smallpox mortality in another form. They emphasize what has 
already been said, namely that smallpox deaths occur mainly when pressure is 
high, and when all the other factors have low values. 


Table VI. 

RELATIONSHIP BETWEEN CEBTAIN CLIMATIC FACTORS AND SMALLPOX MORTALITY. 


Month. 

Average 
monthly 
per cent, 
smallpox 
deaths. 

Average 

monthly 

relative 

humidity. 

Average 

monthly 

mean 

temperature. 

Average 

monthly 

tension 

aqueous 

vapour. 

Average 
monthly 
barometric 
pressure 
in inches. 

Average 

monthly 

rainfall 

in 

inches. 

Jan. 

17-S 

74-0 

69-8 

0-393 

30-052 

1-27 

Feb. 

17-0 

78-6 

58-9 

0-400 

30-013 

1-76 

Mar. 

16-7 

82-9 

031 

0-488 

29-945 

2-93 

April 

14-2 

84-9 

70*3 

0-038 

29-843 

6-44 

May 

7-7 

84-1 

77-1 

0-780 

29-743 

11-60 

June 

4-1 

83-1 

81-0 

0-880 

29-040 

15-52 

July 

1-7 

82-8 

82-0 

0-903 

29-013 

16-01 

Aug. 

M 

83-4 

81-7 

0-899 

29-610 

14-22 

Sep. 

0-9 

78-C 

80-G 

0-818 

29-721 

10-11 

Oct. 

2-3 

72-2 

70-2 

0-057 

29-879 

4-65 

Nov. 

5-9 

08-2 

09-4 

0-500 

29-988 

1-70 

Dec. 

12-1 

C9-.') 

62-9 

0-410 

30-047 

1-16 
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Conclusions and Summary. 

In this paper I have made a survey of smallpox mortality among the urban 
Chinese of Hongkong during the last 40 years. Its crude death rate is very 
irregular, but over the whole period the mean is 0‘46 per 1,000 living, the 
maximum rate being 2-27 in 1923, and the minimum O'Ol in 1931 and 1926. 
The standardized death rate, calculated for census years against the British 
population of 1901 shows that for most years the female mortality has exceeded 
that of males by three to two. 

By calculating deaths at ages per 1,000 living, it is seen that infantile 
mortalit}'' is disproportionately higher than that obtaining in Britain, at any 
rate so far as the British figures for 1901 are concerned. 

72 per cent, of all smallpox deaths have occurred in the first 5 years of 
life, and 53 per cent, have occurred in the first 3 years. 

Until puberty there is a higher mortality among females, but thereafter 
males predominate. 

The disease is a winter and spring disease, but sporadic cases occur at other 
times. 

Vaccination, which had been employed on a very small scale previous to 
1928, was in that year most intensively used, and has been so ever since, with 
the result that it has altered the percentage of total deaths from the disease 
occurring at different ages, mainly because small children form the majority of 
those vaccinated. The percentage of the total of smallpox deaths occurring 
under 5 years of age was 78 per cent, in the decade ending 1930, resembling the 
state of affairs in England in the eighteenth century, before the advent of 
vaccination. In the 6 years since 1930, when vaccination has been intensively 
practised in Hongkong, the percentage has fallen to 67 T. 

It is likely, though not yet certain, that the low crude death rates met with 
since 1930 are in part due to vaccination. 

I have attempted to carry out an investigation in Hongkong similar to that 
of Russell and Sundararajan in India on the role of the climatic factors of 
rainfall, relative humidity, temperature and pressure on the mortality from 
smallpox ; and by calculating the coefficients of correlation for these factors and 
smallpox mortality, and comparing them with what they have found in India, 
I have shown that there is no very great difference in the results obtained in 
the two places. 
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PHAGAEDENIC ULCERS. 


Tropical Phagaedenic Ulcer is due to an Infection. 

(a) The whole aspect of an ulcer is that of an infection, especially in the 
more serious cases. High temperatures are common, e.g., 103° to 104° F. 
in children. A recurrence of the infection in an ulcer under treatment is first 
shown on the temperature chart. The pain will keep a child whimpering 
throughout the night. There is tenderness and swelling. Adenitis of the 
regional glands is not uncommon. The more acute the ulcer, the more marked 
are these signs. 


Jan. 12 13 11 13 13 17 IS 19 30 21 22 23 24 25 



Fig. 2. — Chart showing relation of temperature to progress of ulcer. 

la Mila, F., 4 months old, New Britain. Acute ulcer of whole of ball of foot. Pain, 
swelling, fever and toxaemia were marked. Caustics insufficient. Wide removal done 
(excision) ^d temperature dropped. On 20th, a slight recurrence of the infection 
(phagaedenic) with a rise in temperature. Caustics were applied, and ulcer became 
clean again. Skin grafts were applied, and patient discharged 12 days later. 


(i) Complete surgical removal of an ulcer relieves these infective signs 
much as in a carbuncle. Similarly, in lesser cases, caustics applied to the 
ulcer will do the same. 

Were the process, say, a tissue necrosis only such treatment would make 
things ivorse, not better. 

(c) The discharges from a phagaedenic ulcer are actually infective. 

Case : Madelme, 5 years. New Britain. Acute ulcer of the buttock (a serious 
ulcer in children). I excised it and was to skin-graft it later. It was dressed 
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with acriflavine and remained a clean slowly granulating area. Another ulcer 
developed on the mons veneris following her scratching herself. One morning 
I found that some discharge from the new ulcer had trickled down and had 
infected a triangular-shaped area of the clean granulations which now was an 
acute ulcer. 


r. “ O. 
o c o 

Jan. 2C 27 28 20 30 31 Feb. 1 



Fig. 3. — ^Relation of temperature to development and excision of ulcer. 

la Pidikia, F., 29 years, New Britain. Acute ulcer, 5 days’ duration, on inner part ot 
sole of foot, 4 inches by 3 inches. Fetid, covered with a moist slough ; and pain, swelling 
and toxaemia were marked. Wide excision followed by drop in temperature. On 2nd 
day, a new rapidly acute ulcer developed on outer side of foot. Temperature rose, and 
dropped again after surgical excision. After 13 days, grafts applied, and patient discharged 
® 17 days later. 


(d) The Cult of the “ Immediate Iodine and Adhesive ” will prevent any 
break in the skin, from becoming an ulcer. I have never seen an ulcer develop 
where shoes and stockings have been worn and where any abrasion received 
a dab of iodine and was covered with a patch of adhesive plaster. 
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Bacteriology of Ulcers as Seen in Smears. 

Clinically the ulcers which are met with may be classified as follows 

Phagaedenic Ulcers. 

Active progressive ulcers. 

Subacute ulcers — where the progress has ceased. 

Clean, chronic or healing ulcers. 

Non-phagaedenic Ulcers. 

Septic ulcers, etc. 

There is a striking correlation between the bacteriological findings of the 
smear, and the clinical state of the ulcer. Whenever an ulcer had a definitely 
phagaedenic character fusiform bacilli were present. 

Acute ulcers. All showed fusiform bacilli, while 75 per cent, showed 
spirochaetes and 65 per cent, showed filamentous forms. 

Clean, chronic, and septic ulcers. These never show fusiform bacilli, 
spirochaetes or filamentous forms. 

Sub-acute ulcers. These, as would be expected, occupy a midway 
position between the other two ; 82 per cent, showed fusiform bacilli, 50 

per cent, showed spirochaetes, 31 per cent, showed filamentous forms. 

Other bacteria seen in the smears were cocci and diphtheroids. 

THE bacteriological FINDINGS IN SMEARS OF ULCERS IN THE VARIOUS STAGES 
FROM THE “ IDIOPATHIC ” ULCER TO THE HEALING ULCER. 

Stage 1. — The “ idiopathic ” ulcer. 

I had six natives who came for treatment for a condition, usually a vesicle, 
which they definitely considered would become a bad ulcer if untreated. The 
lesions were all unbroken, were painful, and there was no obvious cause for their 
appearance. The contents were a dirty greyish fluid, and the floor was moist 
and greyish. Smears showed Gram-positive cocci in diplococcal form. Some 
time previously I had inoculated similar material into broth, and typical 
staphylococci grew from it, but in smears from lesions, typical “bunch of grapes” 
formation is rarely seen. The ordinary boil shows only cocci in diplococcal 
form (Stitt, 1927). 

All the above were treated, mostly by a dab of caustic (carbolic) and all 
healed without any phagaedenic infection occurring. 

Stage 2. — Lesions of the above type just after the vesicle had broken. 

Jope, M., 20 years. New Britain. Acute ulcer on one leg. Later a vesicle developed 
elsewhere on the same leg. It had broken some little time before I saw it. The discharge 
contained a few fusiform bacilli as well as cocci. This was evidently a secondary infection 
just starting. 

Malachi, M., 22 years, Solomons, also had a vesicle which had burst and the surface was 
only partly covered with the epithelium, A smear similarly showed cocci and some very 
fine fusiform bacilli, 
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Stage 3 . — The fully developed phagaedeuie ulcer. 

litas, M., 20 years, New Britain. A blister similar to the above had broken 24 hours 
before. The surface was darker, obviously phagaedenic, painful and a little swollen A 
smear showed fusiform bacilli, spirochaetes, and filamentous forms. 

Stage 4 . — Cessation of the phagaedenic process. 

The spirochaetes and filamentous forms disappear first, the fusiform bacilli become 
shorter, and then disappear. 


Stage 5 . — A possible recurrence in a clean ulcer. 

This happening is not uncommon, the smear then showing a re-appearance of the 
phagaedenic germs. Damiri showed first fusiform bacilli and filamentous forms. After 
the recurrence, there were fusiform bacilli and spirochaetes. 


The Smear of Certain Types of Ulcer is fairly Constant. 

(a) A messy, fetid, relatively superficial ulcer usually shows both fusiform 
bacilli and spirochaetes. 

(b) The particularly chronic ulcer of the toe-nail area shows a similar 
picture. 

(c) An ulcer with dark red granulation tissue from which can be expressed 
a thin pale pus shows usually fusiform bacilli only. 

(d) Ulcers with more or less deep subcutaneous extensions show fusiform 
bacilli, but no spirochaetes. Such ulcers are : — 

1. A deep ulcer with raised edge from which pus can be expressed. 

2. A progressive ulcer with long finger-like extensions, the extremities 
of which break down and form new ulcers. These join with and enlarge 
the parent ulcer. Healing is by scar tissue in the centre, spread being 
centrifugal. 

3. More serious types with extensive spread along fascial planes, and 
subsequent huge sloughs, the skin being intact until the last. 

The microscopic picture of types 2 and 3 often resembles that of Smith s 
experimental ulcer in the hedgehog (Smith, 1936, Fig. 3). 

The fusiform bacillus ulcer is a less rapid one, the spirochaetes seeming 
to add more virulence to the process, especially superficially. 

The filamentous forms may be long and rather thick and may be seen 
dividing to form fusiform bacilli, or they may be finer and show every gradation 
between a long straight form and a definite spirochaete. Some filamentous 
forms are exceedingly fine. Some smears seem to show every step between the 
common fusiform bacillus and the spirochaete via the filamentoois forms, as 
though they were all actually one organism. 
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The Sequence of Events in the Pathology of an Ulcer. 
An untreated 

abrasion, insect bite, or other 
break in the skin. 


Immediate infection with 
phagaedenic organisms, 
and development of a 
phagaedenic ulcer. 


“ Idiopathic Infection with septic 

vesicle. organisms, and development 

1 of a septic ulcer. 


Phagaedenic infection Remains septic. 

and development 
of a phagaedenic ulcer. 


Infection dies out 
and ulcer becomes 
clean. 


Re-infection with 
phagaedenic organisms 
and recurrence of 
phagaedenic ulceiation. 


Again becomes clean. 


Death from toxaemia, 
septic exhaustion, or 
haemorrhage. 


Malignancy. 


Healing commences, 

which may be rapid, or may take years depend- 
ing on the pathological conditions produced by 
the ulcer process — mostly concerned with the 
blood supply. 


An area is left 

which, because of poor blood supply, or 
because of organisms lying dormant in the "scar 
tissue, becomes a focus of lowered resistance. 
A new ulcer is easily provoked by a slight 
injury. 
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Clinical Notes. 

GENERAL DESCRIPTION. 

Ulcers are too common to need much description. In serious cases, they 
may increase in diameter one finger’s breadth in a night. Toxaemia seems 
to prevent a marked local inflammator}' reaction. A vicious circle may be 
established, the toxaemia enabling the ulcer to increase in size and so to increase 
the toxaemia. 

Where the ulcers are of the bad type, as for instance, in New Britain, the 
average age of the patient is less than in other places (12 years as compared with 
23 years in the Solomons). In New Britain, one-third of the cases were in 
children under S years of age, and 2 per cent, occurred in infants under 1 year. 

In the last-named place, ulcers and their complications (toxaemia, deep 
sepsis, e.xhaustion) were the chief cause of death in the hospital. To save life, 
urgent amputations and blood transfusions were often necessary, though 
amputation may be risky because of extensive subcutaneous extensions of the 
phagaedenic process. 

A healed ulcer is certainly better than an open one, but nevertheless it 
remains a liability to its owner. Scar tissue is formed in varying amounts in 
healing. It is most abundant in slow healing, and its disadvantages are : — 

(a) It diminishes the blood supply to the new skin. 

(b) It contains, in its interstices, dormant organisms. Smith (1936) 
confirms this in finding numerous organisms in the base of an almost healed ulcer 
(experimental) in the hedgehog. 

(c) The blood vessels in the ulcer area suffer with an obliterative endarteritis 
(Smith, 1932) which narrows the lumen and cuts down the blood supply. 

The result of this is that the scar tissue is liable to break down with the 
formation of a new ulcer, destroying the work of weeks of dressing. 
If surgical interference is necessary to bring about healing, as much as 
possible of the scar tissue should be removed. It is often amazing the amount 
that has to be cut away before normal tissue is reached. 

Malignancy has occurred once only in my experience, the case being an ulcer 
of the shin of a lifetime’s duration in a man of 40 years of age. The malignant 
growth was from the bone in the base of the ulcer. Vint (1935) in Kenya 
has noted malignant changes in 2 per cent, of a routine unselected series of ulcers 
excised for treatment. Whatever may be the actual frequency of this condition, 
its occurrence points to excision as the best treatment for these ulcers. 

The ordinary common septic ulcer in the tropics, without any phagaedenic 
infection, is surprisingly slow to heal. The humidity and the increased sweating 
make the skin sodden, so that a good medium for the profuse bacterial life of the 
tropics is provided. This militates against quick healing while incidentally 
dressings are difficult to keep on. 
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The part played by Defective Nutrition in the Causation of Ulcers. 

The influence of diet on the progress of the ulcer has been impressed upon 
me by such events as the following ; — 

(A) A continued activity or recurrence of the phagaedenic process in certain 
cases for no obvious reason mystified me until I enquired about the diet. This 
was found to be inadequate, and correction of the deficiency changed the aspect 
of the ulcer. 

Case \.—Komai, M., 22 years. New Britain. A nicely healing ulcer suddenly became 
phagaedenic, and subsequently a clean excision and skin-graft did the same. ^ It was later 
found that he was living on two cooked green bananas per day. Increase in diet (rice) 
caused healing. 

Case 2. — Takana, F., 14 years, Malaita. A clean excision and skin graft suddenly 
became phagaedenic. It was found that she did not like the rice and biscuits of the hospital 
diet. Native food was secured and the ulcer healed. 

Case 3. — Tapliu, F., 13 years, Malaita. Developed an acute ulcer while in hospital on 
routine quinine, iron and cod liver oil, but, as in the above case, she would not eat the 
hospital diet. On a change of diet, the ulcers healed. 

Case 4. — Madeline, F., 5 years. New Britain. Continued to develop new ulcers while 
in hospital. Her food was found to be quite insufficient. She ate (rice) ravenously and her 
ulcers healed. 

These four cases had all lost weight as a result of their deficient diet which 
was at fault as regards quantity rather than quality. 

(B) The occurrence, for no obvious reason, of one serious ulcer in a village 
of healthy people. 

Case 1. — Dina, F., 3 years. New Britain. An ulcer developed upon the site of an old 
healed burn following the patient’s scratching it. After only 6 days, it measured 3 X 
44 inches. Toxaemia was marked and with it were a high temperature and a poor pulse. 
Deep extensions along tendons and between muscles demanded amputation and two blood 
transfusions to save her life. It was discovered later that the family were in difficulties 
with their garden, and were often hungry. Both the mother and child were under-nourished. 
A poor appetite from the toxaemia cut down still further the child’s food intake, and thus 
a vicious circle was established. 

(C) Epidemics localized to a single community while surrounding villages 
were not affected. 

1. — From the 7th March to the 3rd April, the village of Vunavulila, New Britain, 
supplied me with a group of 12 ulcers. Of any such groups of ulcers, which I have met, 
this was far and away the worst. All were acutely phagaedenic, and needed wide excisions, 
and in two cases, amputation. 

In February this village, with a population of about 120, had held the great feast of its 
lifetime. Long self-denial and economy in food provided the pigs and food which were 
distributed amongst the guests, and demonstrated the affluence of the community. For 
2 or 3 days the people enjoyed themselves to the full. Then came a time of empty gardens 
and little to eat. Six weeks later, 12 of the villagers were in hospital with serious ulcers and 
others had less serious ones. 

It is difficult not to blame the sudden lack of food as being a predisposing 
cause of the ulcers. 

New Britain, the hospital was situated on a station consisting of a girls’ school 
and a boys school. In September the headmistress of the former left and was relieved by 
one who did not understand the gardens nor the feeding of a large number. The gardens 
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were emptied and no new ones were planted. From Christmas until the return of the 
original mistress m April, the girls were hungrj'. 

The graph below shows the admission rate to hospital for ulcers. 



Fig. 4, — Girls’ school — admission rate for ulcers. 


3. — Similarly the boys’ school suffered a change of headmasters in December. The 
reser\’e food in the bush gardens had been stolen, and during the development of new 
gardens there was a lean and hungry time for the boys. Rice had to be bought to increase 
the food supply. 

The graph shows the admission rate of the boys to hospital with phagaedenic ulcers. 


1932 1953 1934 - 1935 



Pjq_ 5 _ — Boys’ school — admission rate for ulcers. 

The above students were under my care for 3 years. They were isolated, 
and their living conditions were more or less constant till the shortage of food 
described above occurred. That it should occur in the two schools and be 
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of the same type and that it should be associated in both schools with a rise 
in ulcer rate is very suggestive of a relation between the food and the ulcers. 

(D) The variation in the type and incidence of ulcer in New Britain, Western 
Solomons and the Central Solomons. 

In certain characteristics these three places resemble one another. Thus : — 

1. All possess hot moist tropical climates and range in latitude from 4° 
to 8° south. They are mountainous and bush-clad. 

2. The natives are all pure Melanesians and the variety of their food is more 
or less the same. 

3. Malaria and phagaedenic ulcers are universal throughout. 

The differences from the point of view of this paper are to be found in the 
amount and quality of food eaten, and in the incidence and severity of the 
phagaedenic ulcers. 

Choiseul and Malaita (British Solomons) are both islands over 100 miles 
long. They are more mountainous than New Britain, and with their numerous 
rivers there are swamps which breed mosquitoes in abundance. 

The Gazelle Peninsula is the north end of New Britain. It is hilly and 
thickly populated and contains Rabaul, the eapital of the Territory. Not all 
the land is good garden land, and much of it will not grow taro, the staple food. 
Where natives elsewhere will eat taro, many in these parts eat poor quality 
potatoes (native) which will grow on poorer soil. As well as supplying their own 
wants, the population caters for Rabaul’s wants, which are extensive. Rabaul’s 
white population is 500 and its “ Chinatown ” has 100 merchants : with 
these there is the large population of native labourers, and the natives employed 
by the Government. Many ships call and are supplied from the natives’ produce. 
The big native market collects food from far out in the bush and includes 
all the area under consideration. Natives grow their own foods for this market, 
and also such things as tomatoes, cabbages, beans, etc., for sale to white people. 
The natives will sell anything ! If they catch a fish, they hold it up for sale 
at the roadside. They rear fowls for sale, and they sell their cocoanuts which 
on other islands are used as a reserve food. A large part of the population 
has no access to the beach for fishing purposes. The result is, in my opinion, 
that the people are underfed, and poor food and not much of it is the rule. 

The picture presented by the Solomons is very different. Here there is 
comparatively good food and plenty of it. Similarly ulcers were the chief cause 
of mortality in New Britain while in the Solomons there has been only one death 
in 4-| years. The seriousness of the disease in New Britain is due, I believe, to 
the poor state of nutrition of its inhabitants. 

(E) The definite correlation between the frequency of phagaedenic ulcers 
and the season of the year. 

Generally speaking, February to July are the “ ulcer months,” with a peak 
in April. Ulcers are uncommon in the latter part of the year and during the 
month of January. 
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Food arrangements ; ChoiseuI — plenty of native food. New^ Britain — 
native food (not plenty) supplemented with rice. Malaita — rice and biscuits and 
native food when possible. 

Progress of seven illustrative cases on above regime : — 

1. — Ulcer progressed. Amputation became necessary. 

2. — A recurrence of phagaedenic infection after 3 weeks. 

3. — A new ulcer developed after 4 weeks. 

4 — Ulcers continued to develop after some week's. 

5. — New ulcer developed after 17 days. 

6. — New ulcer developed after 20 days. 

7. — A new phagaedenic infection developed after 20 days. 

Other similar cases also suggest that ulcers will develop while a sufficiency of 
the diet described above is being taken. 

One is driven to the conclusion that there must be an insufficiency of 
suitable protein. On the other hand, it is questionable whether it is possible to 
point to any one item as being the only deficient factor. If it is protein which is 
chiefly lacking there may be also a shortage of other substances which prevents 
the body from making good the deficiency in protein. This would happen 
when there is a general all-round insufficient intake, and would explain all the 
foregoing problems (A to E pp. 654 and 656). In village life a good supply 
of native food will supply the protein, or a lesser supply of food containing a 
better protein, e.g., fish. In the following two places much fish is eaten, and 
though the total food is not great, ulcers are rare. 

1. Sikaiana is an atoll, 10 miles long. The amount of land suitable for 
gardens is small, but the lack of vegetables is made up by a splendid fishing 
reef and lagoon. The natives delight in fish. The population is increasing 
in spite of a good deal of malaria. The diet is coconuts, taro, yams, a few 
fruits and fish. 

2. The Artificial Isla7ids of the north-west lagoon of this island (Sikaiana) 
are most interesting. Throughout the area of the lagoon (30 miles long, and 1 to 
2 miles in width), there are scattered thirty islands built up from the surface 
of the reef, at enormous labour by lumps of coral carried from elsewhere on the 
reef. Lying just above highwater mark, the islands have big populations. On 
one, 300 people live on an area less than an acre. There are crowds of cliildren 
who are clean, non-malarious, but rather thin. The inhabitants say they do not 
have ulcers, but after visiting a number of them, I found one small phagaedenic 
ulcer on an islander, and two other ulcers with a yaws basis. This was in the 
“ ulcer season.” 

The food was mainly fish from the reef, but some vegetables are secured 
by barter from the mainland. The infrequency of ulcers is remarkable. 

In both places, fish in the diet evidently not only makes up for the lack of 
plenty of food generally, but supplies good protein as well. 
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Relationship between Mal.aria and Phagaedenic Ulcer, 

That such a relationship exists is suggested by the following : — 

(o) White people suffer with phagaedenic ulcers in Melanesia, but it is my 
experience that such ulcers do not occur in non-malarious white persons. The 
cases seen by me either took no quinine or took it so irregularly that they suffered 
attacks of malaria. It may be noted here that all who have given prophylactic 
quinine a thorough trial know that it is possible to go for 3 ^ears without suffering 
a malarial attack, and, if the quinine is taken properly, it will not produce 
any of the adverse symptoms which are recorded in the literature. 

I can recall nine patients who consulted me for phagaedenic ulcers, and they 
all had malarial attacks with varying frequency. 

(6) I have been consulted by eight white people who were non-malarious, 
took their quinine regularly, and had ulcers, but all were simple, septic non- 
phagaedenic ulcers. 

Two cases have impressed me : — 

1. — “ I\'I ” did not know the efficacy of quinine in malarial prevention. She had 
malaria frequently and developed two serious phagaedenic ulcers which needed one month 
in bed and another month sitting about the house before they were healed. During her 
ne.vt term of service, she took quinine most regularly, and though she continued to go into 
the gardens without stockings, and though she had less fresh meat and butter than before, 
she was entirely free from ulcers for at least 3 years. 

2. — ^The case of a medical colleague who did not believe in quinine at first, and had 
frequent malaria. He developed a phagaedenic ulcer which troubled him considerably. 

I myself, am a strong advocate of quinine, am non-malarious, and have 
never had an ulcer of any sort during years in the tropics. 

(c) On the map p. 647 at the commencement of this paper, I have drawn 
an interrupted line. To the east of this line, there are no phagaedenic ulcers, 
but to the west, they are common. I was in Fiji recently, and Dr, Clunie 
of the War Memorial Hospital very kindly showed me two cases of tropical 
ulcer as it occurs in Fiji. Both were on the foot, about X £- inches in size, 
were not very deep, but were moist and a thin, pale discharge came from them. 
The base was of pink granulations, and the parts were a little congested. A 
smear showed no phagaedenic organisms, merely cocci and diphtheroids being 
present. There was no offensive odour. Clunie and Eva (1934) state 
that these ulcers occur in epidemics in schools, in road and other labour gangs. 
They suggest a dietetic cause, white bread and tapioca being largely the diet. 
The blood calcium was normal. The ulcer commences at the site of an abrasion. 
Strapping was the best treatment. 

Accustomed to phagaedenic ulcers, I realized that these were tropical ulcers 
without the phagaedenic infection. The ulcers of my experience were definitely 
the dietetic ulcers of Fiji, with a superimposed phagaedenic infection which did 
the damage. My “ idiopathic ” ulcers were miniature Fijian ulcers, the cause 
probably dietetic, and the cocci the same. 
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The freedom of Polynesia from phagaedenic ulcers is not a natural or racial 
immunity. Fijians are a mixture of Melanesian and Polynesian strains. 
Polynesians in Melanesia are not immune to ulcers, while Melanesians from the 
Solomon Islands do not have ulcers when they go to live in Fiji. 

What is more surprising still is that the above-mentioned line on the map 
not only separates the “ phagaedenic west ” from the “ non-phagaedenic east,” 
but also separates the malarial west from the malarial east. Other diseases 
are the same on both sides of the line. (The Indian immigrants to Fiji have 
added some diseases in recent years, but these do not alter the general statement). 

It appears, therefore, that when a native to the west has a dietetic 
deficiency, because of his inevitable malaria, he suffers from phagaedenic ulcer. 
On the other hand, to the east, a native with a similar deficiency, is liable 
to non-phagaedenic ulcers. 

(d) The spleen of the average ulcer patient is larger than that of the average 
general population, by an amount equal to one-third of the distance between 
costal margin and umbilicus. 

(e) Renjiell is an atoll which has been thrust up 300 to 400 feet from the 
sea. It is 50 miles long, and lies 90 miles from the nearest big island. Inland 
there is a lake and elsewhere the land is fertile in spots. The interest of Rennell 
is that it is peopled by Polynesians (amongst Melanesians on all the other 
islands). The food is yams, taro and pandannus fruit ; spinach, coconuts, 
pawpaws, fish and shell fish, are eaten at times. Unlike Melanesians, they have 
no meat hunger, and will not exert themselves to catch the birds on the lake. 
Their canoes are too frail to go out to sea. Lambert says, “ They live near the 
vitamin and food life-line.” 

Though Rennell is in the malarial belt, there is no record of any malaria in 
the past. Lambert visited the island in 1930 and 1933 (Lambert, 1932 and 1934) 
and found no malaria, no anopheles mosquitoes, and no phagaedenic tdcers. It was 
probably populated from a non-malarious people at the start, and its isolation 
has protected it since. He reports the general health as being excellent. 

With Lambert’s account may be compared the report of Dr. Critchlow, 
of the Government Medical Service (Dr. H. B. Hetherington, S.M.O., kindly 
allows me to quote the figures). He visited the island in August, 1936. In two 
districts with a population of 126, he examined sixty-eight natives, and found 
twenty-five phagaedenic ulcers, five cases of malarial fever, and seventeen 
enlarged spleens (malarial). 

He did not examine all the people so that it seems safe to conclude that' 
there were most probably other cases of enlarged spleen, and possibly ulcers. ■ • 

The natives told Dr. Critchlow that three Rennell islanders, after returning 
from other islands, developed phagaedenic ulcers, and that the disease spread 
and caused many deaths. In some cases the spleen was a hand’s breadth below 
the costal margin. Anopheles also had been introduced. It thus appears that 
in 1930 and 1933, there were no ulcers, no malaria, and no anopheles on Rennell, 
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and that between 1933 and 1936, all three were introduced so that in 1936, 
there was at least an incidence of 20 per cent, ulcers and, say, 20 per cent! 
malaria. 

Because of the serious state of things, the island has been proclaimed 
a “ closed ” territory and a medical worker put there. 

The fact that both malaria and ulcers have gained a hold is significant, 
because the natives say that, in 191 1, there was an epidemic of ulcers in the island 
but that it died out. No malaria or anopheles were introduced. Now ulcers 
are well established, because, in my opinion, malaria favours their development, 

(/) Malaria causes destruction of the blood. The average haemoglobin 
values of ulcer patients were as follows : active progressive ulcers, 66 per cent. ; 
sub-acute, non-active ulcers, 70 per cent. ; clean ulcers, 76 per cent. 

The haemoglobin value of the general population was 75 to 85 per cent. 

If the haemaglobin value is taken as a rough gauge of the activity and 
seriousness of the malaria (clinical hookworm is a rare condition here) the 
above figures would suggest that the more active the malaria the more liable 
the patient would be to develop an ulcer. Anaemia alone, however, is not the 
essential factor for cases of anaemia much below the above level may not have 
ulcers. It is the more chronic cases which have ulcers. (It has already been 
pointed out that the spleen rate is increased in ulcer cases.) 

In malaria, there is a definite toxic factor, hence it is the chronic malarial 
native, saturated with toxins produced in his big spleen, who develops ulcers. 
This specific poisoning may lay the body open to the phagaedenic infection, 
a supposition which would explain the absence of ulcers in Fiji, because it can 
hardly be imagined that the phagaedenic bacteria have never reached this 
island. 

A further point is that malaria with its fever means a constant wastage 
of valuable food materials from the body, the destruction of protein being 
very great (Pembrey, 1933). Thus the good effects of a balanced diet are largely 
lost quite apart from the loss of appetite which cuts down the intake of food. 

Prevention and Treatment of Phagaedenic Ulcers. 

Prophylaxis consists in the prevention of infection by wearing shoes and 
stockings, and applying iodine (immediately) and adhesive to any break in the 
skin. To these must be added a properly balanced diet and the avoidance 
of malaria — if contracted the malaria must be treated. 

Curative measures involve the eradication of the infection, the encourage- 
ment of epithelialization, the prevention of recurrence and the treatment of 
malaria and dietary deficiency. 

The first procedure is to apply to the ulcer a caustic such as a modification 
of that recommended by McGuire (1934). Grind up as much copper sulphate 
in glycerine as it will absorb, and to the resulting solution, add to each ounce 1 
dram pure carbolic acid as an anaesthetic. 
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This solution is applied daily to bad ulcers until the surface feels hard and 
granular. If there is pain or swelling, apply a small dressing of acriflavine 
(1/1,000) and cover it with a hot fomentation and protective (baked banana leaf 
is good), twice daily. Continue until the ulcer is clean. The above solution 
cannot be too thoroughly applied.* 

When the ulcer is clean, if it is small, apply scarlet red ointment and 
adhesive plaster or elastoplast. (This fits any part of the body, but is not 
impervious, and infection can penetrate it.) Leave on for a week or more. 
Catastrophes will occur if adhesive is applied to ulcers which are still active. 
Absence of phagaedenic bacteria is a good test for loss of activity. 

For larger ulcers, I am convinced of the value of excision and immediate 
skin-graft. This is usually easy because there is swelling which elevates the 
ulcer above skin level. It is removed in one slice, and seed grafts are put on 
at onee to the raw area. Even with chronic ulcers, a little care will remove 
the ulcer in one piece. If too widespread for complete removal in one piece, the 
area must be considered infected and should be painted over lightly with pure 
carbolic (i.e., after removal of all the infected tissue). It is then clean. After 
3 or 4 days, if still clean, it can be grafted. 

Dressings on clean areas or grafts need not be changed for a week or 10 
days unless the odour or temperature chart suggests infection. The experienced 
nose soon distinguishes between harmless decomposing blood and true phagae- 
denic infection. 

In an earlier paper (James, 1932) I have described the procedure in which 
over a number of cases, healing averaged 13 days. Since then, I have continued 
the method, with a few modifications, and the total figures are : — 

Number of 
Cases 

Excision of ulcer with immediate skin graft . . . . . . . . 176 

Excision of ulcer with delayed graft (serious cases with doubt as to 

complete eradication of infection) . . .. .. .. .. 117 

Excision followed by suture . . . . . . . . . . . . 20 

Grafts applied to granulation surface without previous excision . . 19 

Curettage of granulations followed by graft . . . . . . . . 8 


Total 340 


For success in these operations, I would stress the following : — 

1. In long-standing ulcers, after removing the ulcer, the scar-tissue should 
be whittled away until as nearly as possible normal tissue is reached. The 

* In preparing fresh solutions, care must be taken to wash out all cr^tals from the 
bottle to prevent the crystallizing-out of the copper sulphate. 



brous tissue extends to amazing depths, and the less of this tissue there is, the 
:ss ehance there is of recurrence, the more knocks the new skin will stand, the 
ealthier the skin and the better the blood supply. 

2. Granulation tissue forms fibrous tissue wherever it may be. This 
ontracts and cuts down the blood supply, and a successful graft may later 
ecome wrinkled and less resistent. Grafts applied to such granulating surfaces 
liould be put on when there is the thinnest possible layer of granulations, i.e., 
t the earliest possible moment, otherwise the granulations should be excised and 
le grafts applied to a bed of normal tissue. 

3. In bad ulcers, the removal must be wide, knowing that any diseased 
ssue remaining will surely slough. A follow-up of my big excisions shows 
Lirprisingly good results. After removal of the tendo Achilles in one case, 
iie man could, some months later, stand on the toes of that foot with the other 
lised from the ground. The posterior tibials and peronei had taken over tne 
mrk. If tendons remain covered by their sheaths, they will probably survive, 
ut if bared, they either slough or are involved in granulation tissue, 

4. In fleshy parts such as the buttock, a “ V ” shaped incision allows the 
ides to be sutured together like a wound. 

5. For the obstinate ulcers of the toe-nail area, the bone is often involved, 
ly splitting the toe down so that the ulcer and bone are in one-half, and the pulp 
\ the other, a cross-cut can be made just proximal to the nail-bed. This will 
ut skin and bone and will meet the “ splitting ” incision. Sutures are put in as 
3 r an amputation. There is surprisingly little shortening, no loss of function, 
ud I believe the toe lengthens a little afterwards. 

6. In the slowly healing ulcers of the sole, excision and grafting are good and 
ealing rapid. 

7. Grafts applied over a hard, bony surface often do quite well, 

■ there is no sepsis. The skin, however, will never stand rough treatment, and 
bandage should be worn permanently. 

8. In very chronic ulcers, over a bony surface, with the bone usually 
alarged, the blood supply is never sufficient for a graft to do well. The 
‘equent protuberance of bone is not due to thickening of the cortex of the bone, 
have had good results in ulcers of a lifetime’s duration by first excising the ulcer, 
len chipping away the bone carefully, and in several places over the area, 
laking an opening into the medulla about the size of the end of a pencil. The 
lood supply of the medulla is good, and granulations grow out from these holes 
i^er the bare bone, and in a few days there is a surface of good granulations on 
hich to put the grafts. 

In grafting I use “ seed-grafts ” obtained by lifting up a tent of skin with 
needle and cutting this tent off just below the needle with a safety razor blade, 
s long as there is a bluish tinge in the little hole left, it is of right depth. These 
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seeds will adhere to an oozing surface — in fact, they help to stop any ooze 
and also they will stand a certain amount of sepsis without dying. Their 
“ survival rate ” is high. If oozing does persist, put the dressing on firmly and, 
in bed, raise the leg to a right angle ; the ooze invariably stops. A tourniquet 
is a help during the larger excisions. 

Pre-operative preparation need not be done until the patient is under the 
anaesthetic. Soap well, shave, soap again, rub over with a methylated spirit 
swab and then with sterile water. Grafts are taken from the thigh on the 
handiest side. 

Ordinary boiled mosquito netting, or better “ parawax,” is placed over the 
grafts, and a lotion of equal parts glycerin and red lotion is used on the wool. 
After a week or 10 daj's in order to remove the dressing, remove as much of the 
wool as possible, apply a thick pad of wool soaked in eusol and cover with some 
protective. The dressings will come off easily in a few hours. Scarlet red and 
adhesive or eusol or zinc ointment maj' then be put on until all is healed over. 

Plaster of Paris is ofteir of great help, especially if the lesion is over a joint 
or muscle. It also keeps the patient in bed. 

As regards anaesthesia — I have been using the spinal form for over 8 years 
and am a firm advocate of it. With practice, it is easy, reliable and non- 
dangerous. No anaesthetist is needed. If there should be a drop in blood 
pressure — most rarely — shown by sighing respiration or restlessness, simply 
lowering the patient’s head is all that is necessary. There have been no mishaps 
of any moment in over 500 “ single-handed ” spinal anaesthetics. I use 
percaine (Ciba) 1/200 solution with 6 per cent, glucose added to make it a hear’y 
solution. By arching the patient’s back with a pillow under the buttocks, 
and two under the shoulders and head, the solution can be localized. The 
average adult dose is T6 to TS c.c. injected between the 3rd and 4th lumbar 
spines. A child of 10 years would take about 1 c.c. Younger children need a 
“ whiff ” of chloroform to keep them quiet during the injection, otherwise 
their crying sends the anaesthetic out through the puncture hole by the increase 
in pressure in the spinal fluid. I have used the method in a child of 1 }’’car quite 
successfully. 

For applying seeds to the granulation-surface of a clean ulcer, an infiltration 
of novocaine under the skin of the thigh suffices. 

For finger and toe operations, an infiltration around the base is all that is 
needed. 

Non-specific protein therapy with omnadin (Bayer) or edwenil, is of great 
assistance where the patient’s vitality is doubtful. Ic certainly helps the 
grafts to “ take.” 

In one difficult case of 20 years duration, arterial S}fmpathectomy was 
attempted by injecting a little carbolic into the coats of the femoral arterjL 
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Sepsis occurred, liowcvcr, in the grafted area and evidently the increased blood 
flow swept emboli to the lung, the patient dying of pyaemic abscesses. 

The results of calcium chloride intravenously have been disappointing. 
^Vhere there are subcutaneous extensions, it forms abscesses ; it causes a slough- 
ing of the skin in toxaemic patients if a drop leaks out from the vein ; veins 
thrombose ; and children — ^who need such a thing most — cannot have it. I 
have had three cases develop new ulcers while actually under treatment with it, 
nor can these pepple lack calcium when they swallow so much lime with their 
betel-nut, Cluxie in Fiji found no diminution of blood-calcium in his cases. 


Discussion. 

Let us consider the tropical ulcer which starts de novo, as showing all 
the stages (sec p. 652), and as occurring both to the east and to the west 
of the south Pacific. 

The first sign of this ulcer both in Fiji and in Melanesia is an inflammatoiy 
vesicle, the ordinary skin cocci being found in the contents. From the evidence 
given above it appears that in Fiji these skin organisms in patients predisposed 
to ulceration by a dietetic deficiency, are able to produce a lesion, which if 
untreated increases in size while remaining a simple ulcer. In Melanesia (west) 
on the other hand, it becomes infected with phagaedenic organisms, which 
convert the simple ulcer into the terrible phagaedenic ulcers we see here. The 
more predisposed the patient is, e.g., in New Britain, by poor nutrition, the more 
active will be the process and the more damage done. When a whole community 
is thus predisposed, we find an epidemic occurring. This epidemic is assisted 
by an increased virulence of the organisms by passage through very susceptible 
people. 

Treatment consists of (1) cut short the primary infection by a dab of iodine, 
or later carbolic or blue-stone ; (2) relieve the predisposition by ample food, 
and (3) treat any malaria, because of the startling correlation between the 
distribution of ulcers and this infection. 

The dietetic deficiency is usually an insufficient intake, these people being 
vegetarians with a precarious food supply. On the other hand, a good diet may 
be neutralized b)’’ the malarial destructive processes. 

The etddence produced suggests the essential lack to be protein. 

From a public health point of view, the people should be taught the 
necessity of ample food, and of the value of meat and fish. Training in better 
methods of catching fish and encouragement in rearing fowls, pigs and cattle for 
food purposes (and not for sale !) would do more good than merely the 
diminishing of the ulcer rate. 
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Summary. 

1. The paper discusses 892 cases of ulcer admitted to three hospitals in 
three parts of the south-western Pacific (Melanesia). 

2. Phagaedenic ulcer is due to an infection with fusiform bacilli, spiro- 
chaetes and filamentous organisms. 

3. There is a striking correlation between the clinical state of the ulcers 
and the organisms found in smears. All ulcers in the phagaedenic state showed 
fusiform bacilli. 

4. Fusiform bacilli are the first of the phagaedenic organisms to appear. 
Smears show a gradation from a typical spirochaete through various filamentous 
forms to a typical fusiform bacillus. The possibility that they represent one 
organism cannot be dismissed. 

5. The finding that clean or septic ulcers do not show phagaedenic organisms 
is opposed to the statement that all ulcers in the tropics contain spirochaetes. 

6. The sequence of events between a break in the skin or the “ idiopathic ” 
ulcer through the fully developed phagaedenic ulcer to the healed ulcer is shown. 

7. A dietetic deficiency is an important predisposing cause. 

8. In New Britain, ulcers and their complications were the chief cause of 
mortality in hospital. One death only occurred in the Solomons. 

9. A relationship between phagaedenic ulcers and malaria is suggested. 

10. The virulence of the organisms may be increased b)’- transmission 
amongst susceptible people. 

11. As a prophylactic measure, the application of iodine and adhesive 
to small abrasions, etc., has been successful. 

12. Treatment is carried out by destroying the infection in small ulcers by 
means of caustics, and by excision in the case of large ulcers followed by skin 
grafting. Anj' concomitant malaria or dietarj' deficiency must be dealt with. 
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ATTEMPTS TO DEMONSTRATE LEPTOSPIROSIS IN THE 

NORTHERN SUDAN. 

BY 

R. KIRK. M.B., Ch.B., B.Sc., F.R.F.P.S.*' 

From the Stark Medico! Research Laboratories, Khartoum, Auglo-Egyptiau Sudan. 


Jaundice is a very frequent clinical condition in the Sudan. Most of the 
common pathological causes which give rise to jaundice elsewhere are regularly 
encountered. A notable e.xception is cholecystitis, which is an extreme rarity 
in the Sudanese according to both clinical and postmortem records. Lepto- 
spirosis is apparently another. Considerable attention has been given by 
various workers to the possibility of leptospiral infection in some of the more 
obscure types of jaundice, but the spirochaete of Weil’s disease has never been 
found. 


Attempts to Identify Leptospira in Cases of Epidemic and 

Sporadic J.aundice. 

Whitehead (1922) investigated an epidemic of jaundice in Port Sudan in 
1922. Coarse spirochaetes were found in the urine in two cases but they were 
aHrulent on inoculation into guineapigs, and all the other findings were against 
a diagnosis of Weil’s disease. During 1924 and 1925, epidemics in Kassala 


• *The writer would acknowledge his indebtedness to Dr. E. D. PRidiE, Director, 
Sudan Medical Service, for permission to publish this work, to Dr . A. E. Lorenzen , 
Dr. W. F. Townsend Coles, and other members of the Sudan Medical Service, for help 
in obtaining rats, and especially to Major H. C. Brown, for carrying out the serological 
tests, and for his kind advice and criticism on all points. 
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and Malakal were studied by Whitehead and Crouch (1926). A further 
epidemic was investigated by Davis (1931), but no evidence of leptospiral 
infection was discovered, either bacteriologically or serologically. 

In 1929, cases of sporadic jaundice in the Northern Sudan were studied 
with the definite object of revealing Weil’s disease if it existed. But in no case 
was it possible to find leptospira. Cultures of the organisms were procured 
from England, and the adhesion test, which had previously been shown by 
Brown and Davis (1927) to be specific in leptospirosis was carried out with 
the sera of jaundiced patients. The results were uniformly negative. 

During 1934-1935, a further series of 130 cases ’of sporadic jaundice was 
investigated in Omdurman but no evidence of Weil’s disease could be 
obtained either bacteriologically or serologically. 

Every year comparable numbers of jaundiced patients are observed in all 
the other hospitals throughout the Sudan, but Weil’s disease has not been 
reported. 


Jaundice of Obscure Origin, 

The exclusion of leptospirosis does not mean unfortunately that the etiology 
of the jaundice is clear in all cases. Particularly in the course of the yellow 
fever survey which has been carried out in the Sudan during the last 4 years, 
attention has been drawn to numbers of cases of a clinical syndrome of unknown 
origin. The symptoms are usually moderate fever, deep jaundice, slight 
albuminuria, and in some cases, vomiting. In some of the fatal cases a high 
pol)TOorphonuclear leucocytosis has been noted. The disease has .been 
observed to occur in small outbreaks, and a considerable number of the afflicted 
have died. Clinically the syndrome is liable to confusion with yellow fever, 
but mouse protection tests have always given negative results. In no case has 
leptospira been demonstrated, while agglutination tests carried out by Major 
H. C. Brown, of the Wellcome Bureau of Scientific Research, London, have 
always been negative. On several occasions it has been possible to investigate 
small outbreaks more fully. All examinations of blood, faeces and urine have 
been negative, and the nature of the condition is at present quite obscure. 
Resemblances have been noted, especially in the histology of the liver lesions, 
between these cases and cases of an obscure infective disease associated with 
jaundice, described by Beeuwkes, Walcott, Kumm, and Hudson (1931) in 
Nigeria. 


Absence of Leptospiral Infection in Rats. 

The spread of Weil’s disease is almost entirely due to the fact that rats (and 
other small rodents) harbour the organism, and excrete it in the urine. Surveys 
have revealed the presence of virulent leptospira in rats in almost all parts of 
the world. Even in India, where the evidence of human leptospirosis is so 



K. KIRK. 


CG9 


scanty, Taylor (1937) found leptospira in 33 out of 100 Rattus norvegicus 
in Bomba 3 L-. I have been unable to find any records from Arabia or Persia, 
but in Egj'pt Sandiford (1937) examined a series of twenty-three rats and 
failed to find any evidence of leptospiral infection. 

A survey of the rats of the Northern Sudan has given similar negative 
results. A total of 259 rats have been examined by the following methods. 

(1) Dark ground illumination of the kidney tissue (90 rats). 

(2) Inoculation into guineapigs of saline emulsions of kidney tissue (105 
rats). 

(3) Agglutination tests, carried out by Major H. C. Brown, against the 
London human strain of L. icterohaemorrhagiae which is serologically identical 
with the London rat strain of this organism (164 rats). 

All those examinations have consistently failed to show any evidence of 
leptospiral infection. The rats were obtained from Khartoum, Khartoum 
North, Omdurman, Wad Medani and Port Sudan at various times of the year 
and the species distribution is as follows : — 

Rattus rattus, 55 per cent., R. norvegicus, 42 per cent., Arvicanthus testi- 
cularis, 3 per cent. 


Discussion, 

It is evident that these observations indicate the entire absence or extreme 
rarity of Weil’s disease in the Northern Sudan, but whether some of the obscure 
cases of jaundice noted represent leptospirosis in a hitherto unrecognized and 
aberrant form cannot be stated definitely. Manson-Bahr (1935) states that 
leptospirosis as it occurs in the tropics is said to be more virulent than it is in 
Europe, but that this point requires further investigation as also does its distribu- 
tion in hot countries. The case described by Das Gupta and Chopra (1937) 
suggests that in the tropics there may be extreme difficulty in finding the 
organism. The negative agglutination tests in the Sudan cases indicate at least 
that if the jaundice had an undiscovered leptospiral etiology the organisms 
concerned must be serologically different from the classical strains. 

The absence of rodent infections, too, is noteworthy. Rats are common 
in most of the towms of the Northern Sudan, but the arid desert environment is not 
a congenial one for an extra-corporeal survival of the leptospira. 

Alston and Brown (1937) point out that although leptospirosis is practi- 
cally world-wide in its distribution, there is an apparent absence of the con- 
dition in Egypt, Arabia and Persia, as knowledge exists at present. These 
authors remark that the strong sunlight in these lands may be an important factor, 
for it is well known that bright light has a highly lethal action on leptospira. 

It is possible that in the Northern Sudan,, where climatic conditions are 
comparable to those of Egypt, Arabia and Persia, the position with regard to 
leptospirosis may be similar. 
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Summary. • • 

(1) The prevalence of jaundice in the Sudan is commented upon, and the 
occurrence of an apparently infective type of jaundice of unknown etiology is 
noted. 

(2) Various observers have consistently failed in attempts to identify Weil’s 
disease. 

(3) Rats from the Northern Sudan have been examined for evidence of 
leptospiral infection, with negative result. 

(4) Certain climatic features of the Northern Sudan, unfavourable to the 
spread of Weil’s disease, are noted. 
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A NOTE ON SOME CASES OF DISSEMINATED SCLEROSIS. 

BY 

N. .A. DYCE SHARP. .M.R.C.P., 

Cape Coast, Gold Coast. 


During the past year a number of cases were seen which correspond in 
in all essential signs and s}Tnptoms with disseminated sclerosis. That this 
disease occurs in the Gold Coast has long been known but it is doubtful if, 
hitherto, its frequency of occurrence has been marked as in recent years. It 
seems to correspond in that respect with the greater frequency of the disease 
in England where to-day it is far more common than the paras^-philitic neuro- 
pathic conditions which 20 years ago held the field. 

A group of cases, eleven in number — on which this note is based — has 
been studied from certain angles and the signs and symptoms in each case 
have been classified in the accompanying table. 
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In the three last cases, which in point of time were studied first, certain 
signs were omitted from the notes and a dot, therefore, indicates “ no 
observation.” 

It will be noted that fever was a fairly constant symptom but not necessarily 
of bad prognosis. In one case, the temperature rose to 105° F. day after day, yet 
the patient made a complete recovery. 
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— A circle indicates the siTOptom for which the patient or his friends sought treatment. 
A dot indicates that no note was made of the sign or symptom. 


Nystagmus was only observed in three cases. In only one case was it 
marked. 

In every case in which an examination was made the temporal half of the 
optic disc was found to be markedly pale and this condition cleared up as the 
disease passed off. 

It will be observed that the ages varied between 15 and 30 years. 

In this series there were five deaths. One from epileptiform convulsions 
which persisted till coma set in. One from an ascending paralysis starting 
with the bladder. One from mental aberration and two from general weakness 
with heart failure and signs of mental disturbance. 







G 


Transactions of the Royal Society' of 
Tropical ^Iedicine and Hygiene. 
Vol. XXXI. No. 6. April, 1938. 


SCHISTOSOMIASIS IN THE KAVIRONDO DISTRICT OF 

KENYA COLONY.* 


BY 

R. M. DOWDESWELL, M.D., 
Medical Research Laboratory, Nairobi, Kenya. 


CONTENTS. 

page 

I. Vectors of Schistosoma haematobium ... ... 673 


11. Bilharzia in Kenya 676 

HI. Urinary Schistosomiasis in Central Kavirondo 676 

IV. Schistosoma bovis ... ... ... ... ... ... ... 682 

V. Discussion 684 

VI. Summary 686 


I. — ^Vectors of Schistosoma haematobium. 

Various methods have been used for deciding which species of snail is actually 
responsible for the development of the cercarial stage. Consequently in giving 

*This paper is published by permission of the Hon. the Director of Medical Services, 
Kenya. The work was embodied in a thesis for the M.D. degree. 

The writer’s thanks are due to Major Conolly and Professor Leiper for the identifica- 
tion of snails and schistosomes; to Mr. Lewis of the Medical Department, Mr. Hammond 
and Mr. Jolley of the Veterinary Department, for their help and information; Mr. 
Benstead for the timely supply of experimental rabbits and to Dr. Vint for sections of the 
bladder polyp; and his opinion on them. 
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a list of molluscs reported as intermediate hosts the method used will be indicated 
by the appropriate letter : (a), (b), (c), (d), (e), (f), after the author’s name. 

(a) Presence of a particular species of snail in water believed to be a source 
of infection or in waters situated in a district with a heavy human infection. 

(b) Presence of cercariae resembling those of S. haematobium in “ wild ” 
snails. 

(c) Attraction by a species of snail for miracidia. 

(d) Recovery of adult schistosomes from the veins of an animal exposed to 
the cercariae obtained from naturally infected snails. 

(e) Infection of “ wild ” snails with miracidia and the recovery of the adult 
worm from an animal exposed to the cercariae obtained from these snails. 

(f) Infection of laboratory-bred snails with miracidia, the development of 
cercariae and the subsequent recovery of the adult schistosome from animals. 

The conditions of (a) are fulfilled in (b), (c), (d), (e) and (f), and of (b) 
in (d) and (e). 

Now the methods (a) and (c) are clearly not conclusive proof that the snail 
in question acts in that locality as the intermediate host. The experiment (b) is 
sound only if the cercariae can be identified with certainty : experiment (d) 
however is conclusive provided that all chance of cercariae being carried over 
in the original water is eliminated and that there is no possible doubt as to the 
identity of the adult schistosomes. Method (c) is an improvement on (d), 
while (f) when carefully carried out is the ideal final experiment. 

A possible error may be present even when methods (e) and (f) are used, 
that is, that under experimental conditions infection by miracidia may be 
induced in a snail species which under natural conditions may not be the main 
carrier of infection. 

The unsoundness of method (b) which has been pointed out by Blacklock 
and Thompson (1924a), Lane (1936), and others is clearly shown by the disagree- 
ment of authors as to the true morphology of the cercaria and the similarity 
between those of S. mansoni and S. haematobium, which has been demonstrated 
by Gordon, Davey and Peaston (1934) who “ failed to reveal any points of 
difference ” and between these and that of S. boots pointed out by Brumpt 
(1930), who says “ Les cercaires de S. boots ressemblent beaucoup a celles de 
S. haematobium et S. mansoni,” and does not produce any unmistakable distinc- 
tions. A further illustration of the difficulties of method (b) shows some irony, 
for Faust (1919) quoting Cort (1919), says with good reason of Cawston that 
his descriptions and figures of this and other forked-tailed cercariae which 
he has described are so entirely inadequate that it seems to me that his entire 
work needs verification by more competent observers.” At the same time 
Faust identified both S. mansoni and <S. haematobium cercariae from a single 
snail supplied by Cawston, who expressed some doubt as to the correctness of 
this last observation. In 1926 Faust (1926) had to admit that he had been 
mistaken in the number of cephalic glands in the cercaria of S. haematobium. 
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II. — Bilharzia in ICenya. 

In this colony both the urinary and intestinal forms are widespread, but, 
as elsewhere, they occur in certain limited areas. Few references to the presence 
of the urinary form of schistosomiasis are available, except in routine reports, 
though its presence in Central Kavirondo was mentioned by Ross (1929) and 
in Nyanza Province by Milton (1922). This form is found in Nairobi, Mom- 
basa, Malindi, Kilifi, Digo, Teita (Mwatati area according to Dr. P. C. C. 
Garnham), Machakos, Kitui, Kisumu, Kisii and Kakamega. It would appear 
that the most important areas are the coastal belt and round the shores of Lake 
Victoria ; in other places the sources of infection are comparatively small 
localized districts. 

The toxins produced by S. haematobium appear to be far milder than those 
of S. mansoni, and do not give rise, to severe involvement of the liver and spleen 
(Girges, 1934), while attendance at hospital for complications in the urinary 
system has not been reported. 

As far as the writer is aware there has been no investigation in this colony 
as to the intermediate host of S. haematobium, although a fruitless search was 
once made at Mombasa (Cawston, 1928). 


III. — Urinary Schistosomiasis in Central Kavirondo. 

(1) TOPOGRAPHY OF DISTRICT. 

Central Kavirondo is a district lying to the north of the Kavirondo Gulf of 
Lake Victoria and urinary schistosomiasis is strikingly confined to a clearly 
limited and small strip of country roughly 20 miles long by 4 miles deep lying 
along the northern shore of the gulf. This area, rising gradually from the water 
level of 3,700 feet by a few hundred feet, is mostly open country, agricultural 
and pastoral, with some small rocky hills. There are several streams running 
from the higher ground towards the lake, but these are mostly a sequence of 
pools either grassy or rocky with sometimes a stream running between them, 
according to the rainfall. Most of these pools are used for watering cattle, 
bathing and as a supply for all domestic purposes by the natives. 

This distribution of the disease refers only to the district of Central 
Kavirondo and it probably exists in areas along the neighbourhood of the lake 
shore right round to the east and south. 

The rainfall is probably very similar to that of Maseno situated about 
10 miles from the eastern end of this strip. At Maseno the annual rainfall 
averages 54 inches, with shade temperatures ranging from a maximum of about 
90 F. to a minimum at night of 55° F. The relative humidity at Kisumu on 
the lake shore ranges from 50 to 75 per cent. There is not a very marked seasonal 
variation in temperature. The area with schistosomiasis, however, is several 
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hundred feet lower in altitude than Maseno, and would appear to be warnier 
with probably a humidity much the same as at Kisumu. 


(2) INCIDENCE OE INFECTION, 

As records of schistosomiasis at hospitals and dispensaries are of little value . 
for the estimation of the incidence of this disease, except as an indication of its 
presence or absence, all the children from 3 to 12 years of age, from one “mlango” 
or group of villages under one headman were collected and their urines examined 
for ova. The following results were obtained : — 



' Number 
Examined. 

Number 

with 

Ova in 
Urine. 

( 

Number with 
' Urine with 
' Red Blood 
Corpuscles 
but no Ova. 

1 

Number with 
a history 
of Infection 
but Urine 
Clear. 

No history 
of Infection 
and Urine 
Clear. 

Male 

97 

74 

; 

! 

! n 

1 

11 

Female 

20 

14 

i « 

— 

C 

Total 

1 123 

! 

i 

88 

' 17 

1 

I 

1 

1 

1 

1 

17 


As histories are unreliable, the one case with a positive history but clear 
urine will be considered as a negative ; while experience indicated that in all 
cases showing red blood corpuscles in the urine but no ova, further examination 
would reveal ova. If these cases are counted as positive, it appears that 85 per 
cent, of the children are infected. There is also some indication that the rate 
for girls is not so high as that for boys ; this might be expected, as only the boys 
herd cattle and are more constantly exposed to infection by standing and w^ading 
in pools, when the cattle are taken to water. 


(3) MEASUREMENTS OF OVA. 

The ova in the urine were typical of S. haematobmn, healthy specimens 
measuring from 114fi to 164/x. in length, and from 53ft to 68 /x in breadth, with 
an average size of 139/x by 59/x. A small number of ova obtained from youths 
aged about 19, declaring themselves to be free from infection, gave average 
measurements of 107 ft by 49/x ; not a sufficient number, however, were examined 
to put forward a suggestion that the immunity developed by this age could be 
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influential in the production of small-sized eggs. All ova were measured imme- 
diately after being passed, lying in the urine without a coverslip. 

Average measurements given by Brumpt (1927), Girges (1934), Archibald 
and Marshall (1932) and Gordon, Davey and Peaston (1934) are 150^ by 
60/x, 146/x by 56-1/x, 140/x by 60/x, and 143;Lt by 60/x respectively. 

No ova resembling those of S. bovis (MacHattie, Mills and Chadwick, 
1933) or S. matthei (Blackie, 1932) were seen. 

(4) THE FRESHWATER MOLLUSCS. 

A search of the pools and streams produced four different types of snails 
(see Plate) : — 

(i) Limnaea \jiatalensis Krauss ?] . 

(ii) Planorbis stanleyi Smith. 

(iii) Bulinus (Pyrgophysa) forskalii (Ehrenberg). 

(iv) Pliysopsis nasnta von Martens. 

Major M. Conolly, of the British Museum very kindly identified these 
snails. 

Both Limnaea and Planorbis were scanty, although the former was present 
in considerable numbers a few miles away where schistosomiasis did not appear 
to be present. 

The last named species (iv), however, included what appear to be two 
varieties (see Plate), but as Major Conolly. points out there maj’’ be considerable 
variation in any species. 

Oecology. — The pools in which P. nasnta were found form a series con- 
nected by streams after heavy rain, but more often separated by damp ground 
only. Infected snails were recovered chiefly from those pools lying in a gully 
and shaded in the early morning and evening. The temperature of the water 
was taken a few inches below the surface and in the shade ; the following read- 
ings were recorded : Maximum, 28-6° C. ; Minimum, 17-2° C. 

Pliysopsis as well as Planorbis were generally found to be on the grass over- 
hanging the edge of the pools, just below the surface of the water, and also 
among the dead leaves lying on the muddy bottom just below water level. All 
the species of snails do not seem to be present together in the same pool : 
Planorbis was found associated with B. forskalii in one place and with the shorter 
spired variety of P. nasnta in another. 

B. forskalii was much more scarce than the other species, was associated 
with clearer and less stagnant water than the others, usually in slowly flowing 
water, and appeared both to get easily swept away by a rapid flow, and on the 
other hand to die off when a pool became stagnant. 

It was also noticed that although P. nasnta could be kept easily under 
laboratory conditions by the daily addition of a little fresh rain water, B. forskalii 
could never be induced to survive for more than 8 days, and the latter when 




Fig. I. — (a) Physopsis nasuta von Martens, variety 2. 

(/>) Physopsis 7tasutn von Martens, variety 2, 

(c) Planorbis Stanley i Smith. 

{d) Physopsis jiasnta von Martens, variety 1 . 

(e) Bulimis (Pyrgophysa) forskalii (Ehrenberg). 

Fig. II, — {a) Physopsis nasuta von Martens, variety 1. 

(b) Physopsis nasuta von Martens, v ariety 2. 

(c) Bulinus (Pyrgophysa) forsakalii (Ehrenberg). 

(d) Limnaea [_natalcnsis Krauss ?J 

(e) Planorbis stanleyi Smith. 
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kept for transport in moist sand or grass showed a much greater mortality than 
the former. 

At Maseno, which is several hundred feet higher in altitude, there is no 
schistosomiasis, which indicates that the conditions are either unsuitable for the 
development of the intermediate host, the liberation and survival of miracidia 
(BoLtET and Roubaud, 1912) or the development of the asexual cycle within the 
snail, as infected natives are undoubted^ present. The temperatures of pools 
at JMaseno taken under similar conditions to the above gave a variation of from 
20° C. to 23-9° C., which does not suggest that the temperature is a decisive 
factor. 

According to Gordon, D.a\'EY and Peaston (1934), the optimum tempera- 
ture for the development of cercariae in P. globosa was 27° C. to 33° C., though 
this species could tolerate higher temperatures than P. pfeifferi, while the tem- 
perature in pools harbouring P. globosa varied between 20° C. and 30° C. They 
conclude that “ it is highly unlikely that in Sierra Leone, water temperature 
plays any important part in limiting the distribution of this species.” The 
influence of temperature on the development of the parasite in the snail has 
been suggested by Bettencourt and Borges (1922) in Tavira, Portugal, where 
a pond transmitting infection had a temperature of 25-4° C. Isobe showed in 
1933 the influence of temperature on the escape of cercariae from the snail ; 
while Conor (1910) observed that bilharziasis was acquired in springs with a 
temperature of 28° C. but not in those at 50° C. 

It appears that the factors controlling the successful evolution of the 
schistosome cycle in the snail in nature are not sufficiently understood, whether 
the flora, the food supply of the host, the soil or the chemical or physical con- 
ditions of the water have an important bearing on the problem. 

A careful study of the oecolog}' of the molluscan host would help to elucidate 
these factors. 

(5) SNAIL dissection. 


Specimens of the above snails were collected and dissected with the follow- 
ing results : — 


\ Number 
j Dissected. 

Number j Number 

with 1 with Single- 

Furco- ■ tailed 

cercariae. j Cercariae. 

1 

Number 

with 

Sporoc\"sts 

only. 

Number 
with no 
Sporo cysts 
or Cercariae. 

B.forskalii j l-tO 

L. natalensis ^ 49 

P. stanleyi \ 5 

P. namta '' 40 

(n-pe 1) i 

P. nasuta | 5-t 

(tj-pe 2) ; 

1 

0 : 6 

0 ' 4 

0 22 

17 ; 3 

11 j 0 

1 

i 

.0 

9 

0 

1 

127 

35 

44 

20 

42 
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Most of these snails were collected from well frequented bathing and 
watering places. 

(6) CERCARIAE. 

The furcocercariae from the livers of Physopsis had the following charac- 
teristics ; — 

1. Bifid tail. 2. No pharyngeal bulb. 3. No pigment spots. 4. Two 
pairs of anterior and three pairs of posterior cephalic glands. 5. It was not 
found possible to determine the number of flame cells with certaint)’’, but three 
or four pairs appeared to be present in the body, besides the pair in the tail. 

Measurements were made : — 

(а) When living and in normal saline without a coverslip. — Length of bod)’^ 
while stretching 225 /x, at rest 120 fx. Breadth of body while stretcliing 26 ^x, 
at rest 54^. Length of tail 150/x, length of furca 80/x. 

(б) Just dying in normal saline without coverslip. — Length of bod}"^ ISO^x, 
breadth 54/x ; length of tail 182/x, length of furca 82^x. 

(c) Under coverslip in saline, as evaporation caused pressure. — Length of body 
254/x, length of tail 291 /x, length of furca 109 fx. 

{d) After fixation in lactophenol. — Length of body 159 ^tx, breadth 55/x ; 
length of tail 192 /x, length of furca 60/x. 

In order to compare measurements with those of other workers it is clearly 
necessary to use a carefully standardized technique. 

The methods employed were those described by Gordon, Davey and > 
Peaston (1934) : vital staining with alizarin for the anterior glands, brilliant 
cresyl blue for the excretory system, and lithium carmine for the posterior 
glands. The results obtained were as quoted above and indicated that the 
cercariae were morphologically similar to those of S. haematobium and mansoni, 
these authors stating that no clear distinctions can be made between the two 
species. 

The unsatisfactory description of cercariae already referred to, can be 
appreciated when we see that Faust (1919, 1920), Bettencourt and da Silva 
(1925), Bettencourt and Borges (1922), Cawston (1922), Archibald and 
Marshall (1932), Porter (1920), and Manson-Bahr and Fairley (1920), all 
describe three pairs only of “ mucin,” “ head,” “ penetration ” or “ cephalic ” 
glands, while Faust in a later publication (1926), Blacklock and Thompson 
(19246), Mohamed (1931, 1932), and Gordon, Davey and Peaston (1934) 
report the presence of five pairs. There is also disagreement over the number 
of flame cells. 


(7) ANIM.AL experiments. 

It was decided to attempt to identify the species of cercariae found, by 
infecting animals. Fortunately some rabbits were available. These were 
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infected either by shaving part of the ear and holding it in water containing 
cercariae from the naturally infected snails or by placing a few drops of water 
with cercariae on a shaven portion of the skin for 20 to 30 minutes. 


Rabbit. 

Time between Infection and Dissection. 

Result of Autopsy. 

1 

Five months after exposure to water at 2P C., containing 



infected snails 

Negative 

O 

Seven weeks after exposure to water at iPC., containing 



infected snails 

,, 1 

3 

Two months after e.xposure to cercariae from liver of snail 


4 

Three months after exposure to cercariae from lis'er of snail 

2 males, 2 females 

2 immature males 

5 

Three months after exposure to cercariae from !i%-er of snail 

Negative 


Monkeys, rats, mice, dogs, rabbits, etc., have been used, but F.airley, 
et aL (1930) suggest that certain animals, including guineapigs, may not be 
propitious hosts, owing to such results as the finding of immature males only 
or the non-production of eggs, an opinion endorsed by Ingr.am (1924), Gordon, 
Da\^y and Peaston (1934) and by Mills, MacHattie and Chadwick (1936) 
with guineapigs. 

In Rabbit 4, two pairs in copula and two immature males were recovered 
from the liver or portal vein. These were stained with hydrochloric carmine 
according to the method described by Girges (1934), and were identified by 
Professor Leiper as 5. bovis, one female having in its uterus typical S. bovis ova, 
while the other had several eggs with S. haematobium outlines, and one typical 
S. bovis egg. 

A second animal experiment was carried out when the writer was transferred 
to Nairobi. Snails were transported to Nairobi, where furcocercariae obtained 
from P. nasuta (type 1) were used to infect white mice. The mice w’ere exposed 
by standing them in a little water containing the cercariae, for half an hour. 


Mouse 1. — ^Exposed to over 100 cercariae — killed 60 days after infection, produced 
fifteen female's and eight males (some immature) and show^ed a tumour-like mass in the 

bladder as well as an extensively diseased liver. i -n j j .-c. nn 

Alouse 2 —Exposed to about fifw cercariae — killed 61 da>s after mfecdon, 
schismsomes found No gross disease of organs was seen, but a papillomata-hke mass 


was present in the bladder. 

Mouse 3. — Exposed to 
schistosomes found. 


about sixteen cercariae — skilled 61 days after infection, no 


All the adult schistosomes recovered were identified as S. bovis, the females 
having typical ova in their uteri (see Text Fig, 1,^ p. 68^). 

It was noticed that in one stained preparation the ^ 

female was prominent and more or less pedunculated (see Plate ig ), 

Khalil ( 1924 ) describes the ventral sucker as hardly visible in the majoritj 
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mm. 




of cases and does not ;^roject above the surface of the worm.” In other respects, 
these adults conformed to the description of Khalil. 

Sections of the mass in the bladder show what appears to be a worm, 
which may indicate that S. bovis is capable of affecting the genito-urinary system 
(Brumpt, 1930 ; MacHattie, Mills and Chadwick, 1933). 

IV . — Schistosoma bovis. 

This parasite of sheep, cattle, horses and donkeys was first described by 
SoNSiNO in 1876. It has a fairly wide distribution, being found in Egypt, 
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Ova 

Measurements 


Adult Male j 
Measurements 1 


Testes 
Oral Sucker 


Ventral Sucker I 


Pharj'nx 

Oesophagus 

Caeca 


Cuticle 


S. bovis, 

As described by Khalil 
(1924). 


lGO-180/i by 50-00/i 
130-2G0ya, by 40-95^, 
(MacHaTTIE & CHADtVlCK) 


9-14 mm. 

Spindle shaped anterior por- 
tion not folded, posterior 
folded 

Four (3 to C) 

0-23 mm. broad, O-lo mm. 
deep, funnel shaped, very 
obliquely placed 
0-42 mm. in diameter, not 
pedunculated, covered with 
spiny processes and lined 
with small spines 
None 
0'5 mm. 

Two starting just above V. 
sucker, unite near begin- 
ning of posterior quarter of 
worm. Occasionally divides 
and unites two or three 
times 

Tubercles with small spines 
on dorsal aspect. Anterior 
portion of worm smooth 


Adult Female 

Measurements 12—17 mm. cylindrical 

Oral Sucker 0-04 mm. broad, not so defi- 
nite as in male 

VentralSucker Hardly visible, does not pro- 
ject above surface of worm, 
0'06 mm. 

Caeca As in male, but does not 

branch again 


Ovary 


Vitelline 

Glands 

Cuticle 


0-3 mm. by 0-15 mm. pear- 
shaped just in front of 
junction of caeca 
Start 0*1 mm. posterior to 
ovary,filI all posteriorpartof 
worm to 0-2 mm. from end 
Smooth 


5. haematobium 
As described by R. Girges 
(1934). 


14G-4^ by bti-tji 


11-12 mm. by 1 mm. 
Anterior portion resembles 
truncated cone 

Four or five 

0-4 mm. in diameter obli- 
quely placed 

0-4 mm. or a little larger than 
oral sucker. Short, thick 
peduncle 

None 
0-4 mm. 

Two starting just above V. 
sucker, unite in posterior 
half of body. Final caecum 
may divide and unite again 


S. viatthei 

As described by Veglia and 
Le Roux (1929). 


170-2S0/i by 72-84;r 


17-22 mm. by 1mm. 


Four to Si.x 


Two caeca may fail to unite, 
or may unite close to 
posterior extremity. Bi- 
furcation may recur two or 
three times 


Dorsal aspect posterior to V. Anterior portion smooth. 


sucker, covered with wart- 
lilie papillae tipped with 
bristles. Ventral surface 
also invested with spinous 
papillae 

About 20 mm. cylindrical 
0-07 mm. 


0-059 mm. pedunculated 


As in male 


Dorsum with spine bearing 
cuticular tubercles. Ven- 
tral surface with spines 


17-25 mm. 

Suckers covered with spines, 
but smaller than those of 
male 


Reunite in posterior half of 
worm, terminate within 0-1 
of end j 

1 mm. by 0-2 mm. 


In older posterior end club- 1 mm. by 0-2 mm. 
shaped, attenuated ante- 
riorly 

Occupy the posterior fourth Occupy practically whole 


of the body 


posterior half of worm 


Smooth except on suckers Smooth 
and towards posterior end 
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Sicily (Grassi and Rovelli, 1888), India (Bomford, 1886), Mala} 
(MacHattie and Chadwick, 1932), South Africa, Mauritius, etc. 

Its morphology may most concisely be indicated by a com 
S. matthei Veglia and Le Roux and S. haematobium, as in the table 
identity of S. hovis with S. matthei has been maintained by Ma 
Chadwick (1932, 1933). 

Intermediate hosts of S. bovis are Bidmus tnincatus in Iraq, 
and Chadwick, 1932) ; Physopsis ajricana in Natal, (Cawston, 1£ 
contortus in Corsica (Brumpt, 1930) ; Physopsis globosa i 
(Blackie, 1932). 


V. — Discussion. 

There seems, therefore, no doubt that P. nasuta is the inter 
of S. bovis in this district. It also appears likely that S. haematol 
mitted by either P. nasuta or P. forskalii or both. It has been i 
snail host of these two schistosomes is identical in at least two plai 
South Africa ; so that it would not be surprising if a similar condition 
in Kavirondo. Corson (1927) has suspected P. nasuta in Tangany 
on inadequate evidence. On the other hand, P. forskalii has been ] 
vector in Mauritius. Presuming that Porter was correct in hei 
that L. natalensis is a vector, it would appear that the same specii 
country may not be liable to infection, for other workers have fa 
this snail with miracidia, and all observers including Bettencourt 
have failed with Planorbis species. Dye (1924) failed to infec 
L. natalensis or P. forskalii with S. haematobium miracidia, VoGEi 
failing with the first species, while Ingram (1924) failed to infect 1 
P. waterloti, but succeeded with Physopsis globosa. The only dij 
shown here is that in a district with an extremely heavj'^ infection rat 
has a scantier distribution compared with P. 7tasuta and that of the 1 
dissected none have shown furcocercariae, whereas of the cercaric 
in P. nasuta it is possible that some were of the human type, alth 
in the transmission experiments. 

There has been no suggestion from routine examination of fae 
that other schistosomes than S. mansoni or P. haematobium may be 
as the types reported by Blackie (1932), Fisher (1934), Wali 
Brumpt (1931), Le Roux (1933) or Cawston (1925). 

No animal schistosomiasis has been reported in Central Ka' 
in the whole of Kenya only two cases, occurring in bullocks in the ne 
of Nairobi, have been seen by Mr. R. Daubney, of the Veterim 
Laboratory. 

What is nossrhiv tRp. A 
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judging from hospital reports, complications in the urinary system must be rare. 
To quote a single instance : The bo 5 % aged about 18, who collected most of the 
snails examined, had had haematuria as a child and although he must have been 
exposed to repeated infection, he denied having any symptoms and an examina- 
tion of his urine 5 months after beginning the work showed no ova or blood. 

The days of prophjdaxis, as represented on walls of Egyptian temples, by 
the use of the penis shield (Pfister, 1913), by “the European equivalent of this 
ancient speciality ” (Leiper, 1915) or by circumcision (Madden) are perhaps 
past and we can look to more modern methods. Treatment alone can be of 
little value in a native population for the eradication of schistosomiasis, owing 
to continual reinfection. As in so many other tropical diseases, prevention is 
the better method, and as in all disease the ideal at which to aim. - If the 
definitive host is only Homo sapiens, clearly restraint of all members of the 
community from urinating in the vicinity of water would very soon eradicate 
the disease ; but restraint and change of habits are not prominent characteristics 
especially among the natives of Central Kavirondo, so that it is necessary to 
resort to other measures ; although the writer considers that strenuous efforts 
to explain and demonstrate the methods of infection in conjunction with other 
means would contribute to final success. 

Such methods as those advocated by Leiper (1915^) for irrigation canals 
in Egypt do not apply here, but the use of species of Tephrosis (Cawston, 
19286) and the fruit of Balanites (Archibald, 1933) and of chemicals such as 
ammonium sulphate (Leiper, 19156), copper sulphate (Chandler, 1920; 
Khalil, 1927), etc., might be tried in stagnant pools. The heavy rainfall, 
without much intermission, however, renders the maintenance of an adequate 
concentration of chemicals difficult. Such measures as the building of cement 
bathing pools, cattle troughs and washing places, although involving some 
expenditure, would be of more general value as public health measures and 
would probably be more readily accepted by the natives and consequently hold 
out the best hopes of control. 

It is hoped that eventually further work may be done, both on the develop- 
ment of S. haematobium from naturally infected snails and on the more conclusive 
laboratory experiment by infecting bred snails'with miracidia in order to establish 
definitely the role played by the species present in Central Kavirondo. 

Cases of S. mansoni infection (intestinal) have been seen in another area of 
Central Kavirondo in natives, who state that they have never left the district 
and it seems likely that P. stanleyi Smith is the intermediate host here. A careful 
survey of the snail distribution in the Colony would be of great value in assisting 
to elucidate the factors involved in the distribution of the disease as well as the 
vectors concerned, and an investigation of animal schistosomiasis would also be 
■of great interest. 
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VI. — Summary. 

1. It is concluded that Physopsis nasuta is an intermediate host of S. bovis 
in Central Kavirondo. 

2. The intermediate host of S. haematobitcm is probably P. nasuta or 
B. forskalii or possibly both. 

3. It is fallacious to assume that the presence of furcocercariae of the 
“ S. haematobium type ” in snails proves that snail to be a vector of human 
schistosomiasis. 

4. Further work is needed for the identification of the molluscan host in 
Kenya ; a snail survey and an investigation of animal schistosomiasis would be 
of great interest. 

5. Certain prophylactic measures might be instituted. 
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A CASE OF AMOEBIC HEPATIC ABSCESS 
AND ASSOCIATED PERICARDITIS. 

BY 

F. M. PURCELL, M.D., Ch.B., M.R.C.P.L, 

Sckondi. Gold Coast. 


Amoebiasis is common in the Gold Coast. During 1937, four cases of 
amoebic hepatitis have been treated in Sekondi hospital. I record the following 
case, as I have not known of pericarditis in association with amoebiasis. 

Case 3, Issttka, F., male, aged 30 was admitted to hospital, 15.12.37, com- 
plaining of pain in right chest and hypochondrium for 4 days. Pie had 
suffered from diarrhoea for 2 weeks before admission. On e.xamination the 
patient was obviously gravely ill, the breathing laboured. Temperature OO-G" F., 
pulse 136, respiration 36. There was no cough but deep breathing was ver}'- 
painful on the right side. There was great increase in liver dullness, which 
e.xtended from the right nipple line to near the umbilicus, where the free edge 
was palpable. In the lungs the air entiy- was clear except in the right fifth 
interspace ; there was audible friction in fifth and sixth right spaces. The 
cardiac apex beat could not be seen or felt. It was audibly weak and distatit, 
but there was no definite increase in cardiac area by percussion. Blood 
count showed 3.V million red cells, 21,600 white cells. Haemoglobin : 35 per 
cent. Stool : no parasites or cysts. 

Earlv diagnosis and prompt treatment were required. The possible 
diagnoses were, in order : amoebic hepatitis, probably nlth abscess formation ; 
pneumonia nith empyema ; subphrenic abscess ; and pericardial effusion or 
pyopericardium. The clear lungs, increased liver area, and the leucoc}tosis 
favoured amoebiasis. Emetine was administered i grain twice daily with slight 
but certain improvement which continued. But the liver reduced little in size, 
so abscess formation was more certain. The cardiac signs caused concern ; 
the absence of signs of apex thrust, its audible faintness and the weak pulse 
strongly suggested pericardial effusion ; the other explanations of these signs 
were a much thickened pericardium (unlikely), emphysema, or fluid in the left 
chest ; confirmatoiy’^ signs were absent and the apex beat, although faintly 
audible was not displaced. After a week’s emetine treatment these signs 
altered, the apex beat then being felt in its normal position, while it sounded 
louder. At the same time there became audible a loud to and fro friction rub 
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synchronous with the heart beat, audible over an area centred in the right 
interspace beside the sternum. The sounds and the timing of this rub were 
easily appreciated by members of the nursing staff. 

On the 15th day, the patient’s progress was interrupted by a flare up. 
There was marked dyspnoea, pallor and weakness, pulse very faint (I con- 
sidered that the abscess might have increased suddenly). 

On the 20th day, the liver was aspirated under evipan anaesthesia, 2 pints 
of pus were withdrawn. A second course of 10 grains of emetine was administered. 
Recovery was uneventful. The pericardial rub disappeared, the heart function 
became normal. The patient was discharged in sound health on the 31st day. 

Comments. 

1. The precise nature of the pericarditis is uncertain. As the abscess 
condensed, its position, central in the liver, was apparent, therefore, under the 
heart ; proximity of this inflammation may have caused some effusion which 
resulted in chafing pericardial surfaces as the liver subsided on emetine treat- 
ment. There can be no question of leakage from the abscess into the pericardial 
sac ; such must be rapidly fatal. 

2. The delay in aspirating the abscess may be criticized. Twelve years 
ago a case was admitted to Kumasi hospital with great liver enlargement. Forth- 
with I aspirated and withdrew some pints of pus ; the patient died within the 
hour. 

It is necessary to reduce toxaemia and restore strength before aspira- 
tion, which should be slow. I use a large needle or smallest bore cannula, 
othenvise decompression shock may prove fatal. Also, it should be recognized 
that liver puncture in a very sick man is a considerable trauma. 
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FELIX MESNIL 
1868—1938. 


Professor Felix Mesnil, who had been an Honorary Fellow of The Royal 
Society of Tropical Medicine and Hygiene since 1921, died unexpectedly on 
15th February. He was a native of Normandy, having been born at Omonville- 
la-Petite, near Cherbourg on 12th December, 1868. 

After completing his school education he entered the Ecole Normale 
Superieure in 1887 and graduated in Natural Sciences in 1891. In the following 
year he took up an appointment at the Institut Pasteur. There for 2 years he 
was secretary to Pasteur, and at the same time worked with Elie Metchnikoff 
and prepared a thesis for the Doctorate of Natural Sciences, his subject being 
the resistance of the lower vertebrates to artificial microbic infections. At the 
Institut Pasteur he was successively assistant, head of a laboratory (1898) and 
finally in 1907 director of the newly created department of colonial microbiology, 
a post which he held till his death. 

A student of Alfred Giard, Mesnil was by education a zoologist, but 
under the direction of Metchnikoff and thanks to the influence of Roux and 
also to some extent to his collaboration with Laveran in various researches he 
became a protozoologist and microbiologist. It is thus easy to understand the 
broadness of his outlook and the variety of problems he investigated. On the 
purely zoological side, though he conducted important researches on the 
Annelids, the parasitic Crustacea, the Orthonectids and the Turbelarians, he was 
above all a protozoologist. Thus, his works on the Sporozoa and the Cnido- 
sporidia are recognized as classics. He it was who discovered the process of 
schizogony in certain Gregarines. He demonstrated the susceptibility of the 
chimpanzee to the human malarial parasite Plasmodium vivax, and as long ago 
as 1^9 clearly defined the affinities of the Haemosporidia, pointing out the 
close relationship of the Haematozoa of malaria and the Coccidia. To him is 
due the discovery of a sexual process in the Actinom 3 oddia. This takes place 
by anisogamic copulation, a cycle of development which was all the more 
difficult of demonstration in that it presented certain unique features. The 
germinal part develops outside the spore envelope through which it penetrates 
actively after a maturation process. To Mesnil’s credit is due again our know- 
ledge of a number of new parasites in the groups Haplosporidia, Siedleckia, 
Toxosporidium and the curious protists parasitic on Gregarines, the 
Metchnikovellidae. 
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The supremacy of Mesnil as a- morphologist revealed itself in his solution 
of the difficult problem of the systematic position of the spirochaetes. In 1901 
he recognized the bacterial nature of the supposed trypanosome of the crystalline 
style of oysters, and thus established the affinities of the spirilla and the spiro- 
chaetes. 

The meeting of Layeran and Mesnil, a medical man and a biologist, was 
the starting point of a series of researches on trypanosomes which Mesnil 
continued with his many pupils. The general structure of trypanosomes was 
studied, and the various constituents of the flagellar apparatus were homo- 
Ibgized with their equivalents in other flagellates and the spermatazoa. Entirely 
new forms, such as Endotrypanim and the trypanoplasms were brought to light. 
A detailed study was made of Trypanosoma letuisi infections in the rat, as also 
the course of experimental T. brncei infections in these animals. From these 
studies the possibility of adaptation of trypanosomes to various species of animal 
was realized. The agglutination of trypanosomes, without loss of motility by 
normal and specific sera, was discovered, while the cross immunity test, the test 
of Laveran and Mesnil, was introduced as a method of identifying tr 3 ^panosomes. 
The trypanocidal and protective action of human serum against various animal 
trj'panosomes was discovered, and it was shown that this property was not 
shared by the zoologically related sera of primates and monkej's. These various 
serological reactions were applied to the study of Trypanosoma rhodesiense, the 
characters of which in these respects proved to be distinct from those of 
T. gamhiensc. 

The above-mentioned serological investigations led to the study of variation 
in trypanosomes and the experimental production of serum-resistant races which 
maintained this character after long passage through animals. Finally, the 
subject of the treatment of trypanosomiasis was taken up, and, as all know, the 
fruitful collaboration with Maurice Nicolle, in the early days of chemotherapy, 
led to the study of benzedine dyes and the discovery of the activity of tr}’^pan blue. 
Certain laws bearing on the relationship of chemical constitution to therapeutic 
action were formulated. Thus, the importance of diazotized benzidine, the 
naphthalene nucleus and the sulphonic acid and amine groups were fully recog- 
nized. The value of atoxyl for the treatment of Trypanosoma pamhiense infections 
was established. 

The foregoing account of Mesnil’s researches will have shown how well 
qualified he was to undertake, as he did, with Laveran, the publication of the 
first general account of a protozoal disease — the classical treatise on Trypano- 
somes et Trypanosomiases of which two French editions were issued in 1904 and 
1912 and one English edition in 1907. 

Though not a medical man Mesnil’s share in the development of tropical 
medicine in France has been considerable. During the early days of tropical 
protistology his influence on the many pupils, who passed through his hands, 
was such that it can be said, with confidence, that he was one of those- who 
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contributed most to the establishment of French colonial medicine on a truly 
scientific basis'. 

For many years, and up to the time of his death, Mesnil was a contributor 
to the Bulletin de. VInstitut Pasteur, of which he was one of the founders. There 
he reviewed papers on protistology, and workers in this field in all parts of the 
world had become accustomed to look forward to these reviews as a reliable 
guide to the literature of their subject. 

In his own country Mesnil’s claims as a scientist of great distinction were 
duly recognized by his election to the Academie des Sciences, the Academie de 
Medecine and the Academie des Sciences coloniales. He was at one time 
President of the Societe de Pathologic exotique, the sister society to our own. 
In 1920 he was a recipient of the Mary Kingsley Medal of the Liverpool School 
of Tropical Medicine. 

Mesnil was devoted to science and to the Pasteur Institute, where he spent 
the whole of his scientific career. There for over 45 years he carried out his 
investigations, either alone or in collaboration with Laveran, Maurice Nicolle 
and others, or took-part in the training of the many students destined chiefly to 
work in the tropical possessions of his own or other countries. To those Avh'o 
came in contact with him he remained a firm friend. He was always pleased 
and gratified when any old student returning to France or passing through its 
capital found time to visit him in his department at the Pasteur Institute, and 
he extended to all a welcome which was simple and sincere. In his death those 
who knew him will have lost a real friend, and those who knew him only by 
repute one whom they have been long accustomed to admire for his honesty 
of purpose and the clearness of his judgment as exemplified by his writings. 
He was a protozoologist of great distinction, and his loss is all the more keenly 
felt on account of the difficulty of replacement. 
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TRUSTEES OF THE SOCIETY. 

At the Council held on I7th February, 1938, Sir Arthur Bagshawe and 
Professor Warrington Yorke were, in accordance w'ith Law 20, appointed 
Trustees in place of the late Major Austen and Sir Thomas Stanton. 

The three Trustees of the Royal Society of 7''ropical Medicine and Hygiene 
are therefore now — Dr. G. Carmichael Low, Sir Arthur Bagshawe and 
Professor Warrington Yorke. 


M ANSON MEDAL.— 1938 AWARD. 

At the Council held on 17th March, 1938, the Manson Medal was awarded 
to Major-General Sir Leonard Rogers, K.C.S.I., F.R.S., I.M.S. (ret.). 

The Medal will be presented at the Annual General Meeting to be held 
at Manson House, on Thursday, 16th June. 1938. 




